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Art. XV.—On the Origin of Comets ; by H. A. NEwrTon. 


1. KAnt in the exposition of his theory of the development 
of the solar system treats the comets as formed from the mat- 
ter of the condensing solar nebula. To him they were planets, 
in fact, but somehow thrown out of their normal circular 
orbits. Although he gave for this origin of the comets no 
reasons which astronomers can respect, yet it is proper to call 
the hypothesis by his name. On the other hand, Laplace in 
his exposition of the nebular hypothesis considered that the 
comets were made from the matter that is scattered through 
the stellar spaces, and that in their origin they have no rela- 
tions with the solar nebula. Have we in our accumulation of 
facts since the times of Kant and Laplace learned any thin 
which helps us to decide between these two hypotheses? f 
»ropose to consider what peculiarities each of them requires ia 
the shape and distribution of the cometic orbits, and then com- 
pare with the theories the observed facts. 

2. For convenience I shall assume that the solar system has 
been brought into its present condition by some process of 
development. Hence the comets have not through all past 
time moved, even approximately, in their present orbits. 
After the comets became separate parcels of matter two kinds 
of forces could alter the forms of their orbits, resistance of a 
medium (if such exists), and the attraction of gravitation of 
the sun and planets. 

8. Nearly all the comets that we have seen, and have com- 
puted the orbits of, come nearer to the sun than the planet 
Mars. The exceptions are only about five per cent of the 
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whole number. We may therefore assume that comets to 
become visible to us ought, in general, to come nearer to the sun 
than that planet. All others may be regarded as permanently 
invisible. There is, however, no reason to doubt that many 
such unseen comets exist. Even those which we see become 
invisible at a moderate distance from the earth and sun. 

4. The orbits of most comets are so near to a parabolic form 
that it is only when they are very well observed that we can 
detect any deviation therefrom. They pass to a great distance 
from the sun, and it is reasonable to suppose that their origin, 
even on Kant’s hypothesis, was remote from the sun. We 
must interpret that hypothesis as meaning that some of the 
parcels of matter that would normally have gone to make up 
distant planets became scattered into comet masses. 

5. Consider such a parcel, or comet mass, A, at a point such 
that the line AS from A to the sun S is large; for example, 
1,000 times the distance from the earth tothe sun. Now if the 
velocity of A exceeds the small velocity acquired by a body 
falling by attraction from an infinite distance down to A, that 
is, exceeds the velocity in a parabolic orbit, then by the law of 
gravitation the orbit of A around S must be an hyperbola. 
The more the velocity of A is in excess of the parabolic veloc- 
ity the more ot will the hyperbola differ from a parab- 
ola. But, since the known comet orbits, if any of them are 
hyperbolas, differ little from parabolas, we are permitted to 
assume for them a velocity at the distance AS not largely in 
excess of the parabolic velocity. All other orbits we have 
nothing to do with. Laplace proves satisfactorily that we 
ought, by the theory of probabilities, rarely to see such comets. 

6. Let now the velocity of A be resolved into ~ by 
the parallelogram of motions, one component along AS, and 
one at right angles to AS. The part at right angles to AS 
will be very small compared with the parabolic velocity for the 
point A. Otherwise the comet, whatever is the curve it is 
describing, would go around the sun at a great distance, and 
would belong to the class of comets that are always invisible 
to us and with which we have, therefore, nothing to do. 

7. Consider a large number of comets passing through the 
point A, or rather shot from the point A. pte S draw a 
plane ee oe to AS, and on that plane draw a circle 
whose radius is twice the radius of Mars’ orbit. That plane 
and circle we may regard as a target at which the several 
cometic masses may be regarded as launched. Only those 
whose velocities perpendicular to AS are small will strike 
within the circle, and so coming nearer to the sun than Mars 
will form part of the group of comets which we know any- 
thing about. 
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8. Besides these we must suppose that there is a large num- 
ber of cometic masses which will strike the plane outside of 
the circle. If there is any law of distribution of the initial 
directions and velocities of the masses at A, that law will be 
exhibited in the distribution of the points of impact with the 
plane. ‘Thus if like the principal members of the solar system 
the masses leave A with a velocity belonging to a circular 
orbit, nearly at right angles to AS, and nearly in the plane of 
the solar system, then the points of impact in the target plane 
will be near each other at a distance from S equal to AS; for the 
masses will describe circles, approximately. Again, if the masses 
pass through A on their way fess the stellar spaces and so have 
motions that bear no relations to the motions of the solar system, 
then the distribution of the points of impact on the target plane 
ought if numerous enough to be uniform about the point 8. 

9. In any case the area of the points of impact ought to be 
large compared to the area of the circle above described. The 
initial velocities perpendicular to AS must, if small, be differ- 
ences, or small residuals of larger opposing velocities. Thus, if 
the masses were parts of the original solar nebula, their normal 


motion by all the analogies of the system should be in circles, 
For some reason these masses never had much projectile veloc- 
ity perpendicular to AS, or else they have lost most of it. The 
forces prey this might as easily have caused the small 


residual velocity to take any direction whatever normal to AS. 
An important deduction may be thus stated. If any where in 
the large area of the target plane over which the points of 
impact are distributed, a small circle be described, the distribu- 
tion of the points within the circle must be nearly uniform. 
If AS is large then the circle above described about S as a 
center will be relatively a small circle. Divide this circle by 
eighteen diameters into thirty-six equal parts. Hach of these 
parts should contain equal numbers of the points of impact. 

10. Take now one of these diameters as an initial line, and 
the plane passing through it and AS as the plane of reference. 
Consider the orbits corresponding to the points of impact of 
the two ten-degree sectors that lie each side of the positive 
half of the initial diameter. The inclination of these orbits to 
the reference plane will be between 0° and 10°. 

The orbits corresponding to the points of impact in the two 
sectors next beyond (one on each side) will have inclinations 
between 10° and 20°; and so on, up to 180°. Hence, the 
numbers of orbits whose inclinations to any arbitrarily selected 
plane passing through AS are within each decade of degrees 
from 0° to 180° should be equal: in other words, where AS is 
large, the distribution of the inclinations of the orbits through the 
two right angles should be uniform. 
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11. But if AS is not large the above stated conclusion (10) 
would not hold true. Thus if the comets came from the 
region between Mars and Jupiter, being, for example, asteroids 
somehow thrown out of the usual region of the asteroid orbits, 
the total area of the impacts in the target plane would not be 
large relative to a circle whose radius is equal to the diameter 
of the orbit of Mars. The distribution of the inclinations of 
the orbits would in that case naturally exhibit some evidence 
of the law of distribution of the original motions. 

12. Suppose, however, that the cometic masses are made 
from the more distant matter of the solar nebula, matter that 
should perhaps have gone to form a planet outside of the orbits 
of known planets. The masses must be supposed to come from 
points in or near the plane of the solar system, which for present 
purposes may be regarded as the ecliptic. Referring their 
inclinations to that plane, those inclinations, for reasons like 
those given above (10), should have been originally uniformly 
distributed through the two right angles from 0° to 180°. The 
aphelia of the orbits should all have been near the ecliptic. 

18. But suppose, on the other hand, that the cometic masses 
are made from the matter in the stellar spaces. The points 
from which they approach the sun are no longer, as under the 
other supposition, points in or near the ecliptic. These points 
are scattered over the heavens uniformly. For, only those 
masses whose motions through space are very nearly equal to 
the sun’s motion can come within sight of the earth. The 
small residuals that represent the relative motions of comet to 
sun must, therefore, by reason of their smallness be nearly 
independent of original absolute motions, and hence the points 
of origin should be equally distributed over the heavens.* 

14. If now we consider a very large number of orbits and 
draw lines through the sun at right angles to the plane of each 
orbit, the points where these lines meet the celestial sphere will 
be the poles of the planes of the orbits, and their distribution 
over the heavens must be uniform. For the directions from 
which comets enter the solar system are uniformly distributed 
(13), and the poles for any direction of the line AS are uni- 
formly distributed (10) about that line. Hence there is no 
reason why there should be more poles in one part of the 
heavens than in another. 

15. If we refer these orbits (14) to the ecliptic, the inclina- 
tion of any orbit to the ecliptic will be equal to the distance of 
the two poles from each ae, the pole of the orbit from the 


pole of the ecliptic. If we divide the surface of the celestial 


* Prof. Schiaparelli by introducing (improperly, as I am sure he will concede) 
the motion of the sun in space was led to decide against a foreign origin for comets. 
See Analyst, I, p. 80 
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sphere into 18 zones by parallels of latitude at even decades 
of degrees from +80° to —80°, then the orbits whose positive 
poles lie in the northernmost segment will have inclinations less 
than 10°.* The orbits whose positive poles lie in the next 
zone will have inclinations between 10° and 20°, and so on up 
to 180°. Hence the numbers of the orbits whose inclinations 
to the ecliptic are included in the successive decades of degrees 
will be as the areas of the zones. But these zones are as the 
sines of 5°, 15°, 25°, ete. Therefore we conclude that if the 
comets come from the stellar spaces their original orbits should 
have been so distributed that the numbers of orbits whose 
inclinations to the ecliptic fall in the successive degrees from 
0° to 180°, should have been proportional to the sines of incli- 
nations. ‘I'he distribution of the aphelia would have been uni- 
form over the heavens. Hence their relative frequency at dif- 
ferent latitudes would have been as the cosines of the latitudes. 

17. We may represent the distribution of the inclinations by 
adiagram. Let the axis of abscissas (fig. 1) extend from 0° to 
180°, and upon this describe the first half cycle of the curve of 
sines, y=a sinz. Draw also the straight line, AB, parallel to 
the axis of abscissas, y=. The ordinates of the two lines 
represent the original distributions of the inclinations from 0° 
to 180° of a given number of orbits according to the two theo- 
ries. The aphelia, according to one theory, are distributed in 
latitude as the cosines of the latitudes, in the other they are all 
in the ecliptic. 

18. If the comets came from the stellar spaces their original 
orbits were hyperbolas. If they originated from our system 
they were ellipses. In either case if their origin was very dis- 
tant the orbits would have differed so little from parabolas that 
the deviations in portions visible to the earth would, in general, 
be covered up by the ordinary errors of our observations. If 
the orbits had remained unchanged by perturbations the ques- 
tion of origin would be simply decided by determining whether 
the orbits are now elliptic or hyperbolic. But the hyperbolic 
orbits might be changed by a resisting medium (if there is one) 
into ellipses, and perturbations by a large planet may change 
ellipses into hyperbolas, or hyperbolas into ellipses. If there 
is any kuown orbit of a comet that is beyond question hyper- 
bolic, and its path was such that in approaching the sun at its 
present appearance it did not so pass near to a large planet as 
to have its velocity thereby increased, then that comet at least 
must be regarded as coming to us from the stellar spaces. Hy- 
anise orbits have been assigned to certain comets, but is the 

yperbolic character of any of them not open to reasonable 


* By positive pole is meant that pole from which the comet’s motion appears to 
be opposed to the motion of the hands of a watch. 
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challenge? On the other hand, if the comets, or any of them, 
originate within the solar system, and not at a great distance 
from the sun, their orbits would be short ellipses, and their 
motions might be expected to be somewhat like those of the 
planets. The fact that most of the periodic comets move in 
orbits of small inclinations to the ecliptic, it must be admitted, 
is, till otherwise explained, a very strong argument that they, 
at least, always formed part of the solar nebula. 

19. The original distributions of the aphelia and of the inclin- 
ations were stated above. But the comet becomes subject to 
perturbations, and, if it was, or, if it becomes a permanent 
member of the system then the perturbations may accumulate 
so as to destroy or conceal the original law. It is not easy to 
give useful expressions for the secular perturbations for an 
orbit of large excentricity and inclination. But the general 
tendency of the forces would seem to resemble somewhat that 
of their action upon the moon and the planets. Here the line 
of apsides has a progressive secular motion, while the inclina- 
tion remains quite constant. The effect of a resisting medium, 
if one exists, would be to shorten the periodic time and to leave 
the plane of the orbit unchanged. The effect upon the line of 
apsides would not be large. 

20. The present distribution of the aphelia is not critical 
between the two hypotheses. For progression of the line of 
apsides would in time distribute the aphelia of the orbits if 
either hypothesis be true pretty uniformly over the heavens. 
The actual distribution at the present time of the aphelia in 
latitude for known orbits is very nearly as the cosine of the 
latitude. The principal exception is a slight excess of num- 
bers in the small latitudes. One conclusion may be safely 
inferred from this thorough distribution over the heavens ; 
that is, that if Kant’s hypothesis be true, the period of past 
time since the comets were aggregated and made to describe 
these long orbits has been a very great one, and the process of 
disintegration of comets is a very slow one. These facts, so far 
as they have force, favor the foreign origin of comets. 

21. The general effect of small perturbations of a planet 
upon the orbits of comets would be to increase the inclination 
of some and diminish that of others. 

If a comet passes Jupiter on one side the inclination may be 
increased. This, however, is balanced by the diminution of 
the inclination of another comet moving in a parallel path on 
the opposite side of the planet, or, if you please, by one com- 
ing on the same side of Jupiter but from the opposite direc- 
tion. The total effect would at first sight seem to be neither 
to increase nor diminish the average inclinations. 

22. The present actual distribution of the inclinations is 


i 
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then of such import as to be carefully considered. From the 
list of known cometic orbits I have rejected those for which 
the data on which they were computed seemed to me to be too 
slender to furnish an orbit worth retaining in the present inves- 
tigation. There remained the following 247 pd arranged 
in the table according to their inclinations, which are stated to 
the nearest degree. 


Table showing the inclinations of the known cometic orbits. 


Year. |Inc.|| Year. || Year. .|| Year. - || Year. . || Year. .|| Year. 


1556 1845 1672 1871 | 102 || 1739 1857 
1779 1790 1774 1877 1857 1843 
1811 1802 1863 1799 1824 1806 
1874 1804 1846 1665 1780 1825 
1532 1840 1849 1823 1822 1847 
1661 1874 1861 1577 1827 1870 
1857 1680 1863 1821 1764 1718 
1874 1773 1863 1842 1822 1770 
1618 1810 1762 1558 1596 1790 
1851 1853 1593 1811 1784 1590 
1737 1807 1857 1847 1797 1846 
1766 1826 1863 1707 1854 1799 1781 
1819 1850 1580 1825 1864 1855 1877 
Tem. 1769 1788 1818 1699 1723 
Faye 1852 1684 1826 1869 1792 
Win. 1854 1874 1865 1742 1844 
1771 1874 1748 1871 1863 1845 
Enc. 1816 | 43 || 1849 1785 1854 1852 
Biela 1798 1849 1748 1862 1787 
1757 1815 1758 1683 1796 1868 
Tem. 1844 1850 1848 1790 1743 
1854 1744 1785 1859 1877 1808 
D’Ar. 1845 1763 1873 1818 | 117 || 1506 
1737 1846 1812 1847 1858 | 117 |] 1830 | 135 
1867 1783 1851 1854 1582 | 119 |, 1864 | 135 
1847 1860 1729 1867 1853 | 119 || 1827 | 136 
1818 1847 1877 1871 565 | 120 || 1832 | 137 
1618 1864 1863 1813 1793 | 120 || 1701 | 138 
1830 1846 1652 1870 1840 | 121 || 1798 | 138 
1695 1786 1759 1874 1857 | 121 || 1861 | 138 
1858 1793 1860 1847 1877 | 121 || 1862 | 138 
1826 1840 1860 1858 1846 | 122 || 1337 | 139 
Bror. 1843 1840 1433 1853 | 122 || 1766 | 139 
1873 Tuttle 1861 1677 1870 | 122 || 1792 | 140 
1846 1706 | 55 || 1819 1747 1873 | 122 || 1808 | 141 
1686 1924! 65 !!1781 1827 1825 123 1822 | 142 


1743 
1770 
1678 
1844 

568 
1702 
1585 
1746 
1834 
1833 
1869 


28. The usual method of arranging these inclinations for use 
and exhibition in a diagram is to divide the 180° into suita- 
ble equal divisions, and count the number of comets in each 
division. Another method seemed, however, better suited to 
the present purpose, and as it is believed to be well adapted to 
many similar discussions, I describe it as briefly as possible. 
Each orbit is represented by the area of a probability curve of 


Inc. 
142 
144 
145 
146 
147 
147 
149 
149 
149 
150 
151 
153 
153 
157 
159 
159 
159 
159 
160 
162 
163 
163 
164 
168 
168 
170 
171 
172 
175 
178 
178 
5 
| 
| 
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such parameter as was judged suitable. In the present discus- 
sion in the equation of the curve y=ce—/*«*, IT assumed A=0°2. 
This makes the average removal of the area from the central 
ordinate less than 3°. The area for one orbit at an inclination 
of 90° is represented in fig. I. at the bottom of the figure. A 
similar area is assigned to each one of the 247 orbits and is 
supposed to be placed centrally on the ordinate corresponding 
to its inclination. The total ordinate for any abscissa is the 
sum of the corresponding ordinates of these several small 
areas. The result is exhibited in the figure by the upper 
irregular curved line. The line cannot be carried within two 
or three degrees of the extreme ordinates without some assump- 
tion of numbers beyond 0° and 180° in the original table, and 
such assumption is, of course, not allowable. 


Fig. 1: showing the theoretical and the social distributions of the inclinations of the 
cometic orbits of the ecliptic. 


V 


0 30 60 90 150 180 


24. The periodic comets form so peculiar a group that it was 
well to separate them from the rest. There are thirteen such 
comets, if we add to the ten certainly seen at different returns 
the comet of the November meteors (1866 I, seen undoubtedly 
in 1366), Lexell’s comet, (1770 II), and Di Vico’s, (1841 I). 
The shaded area is the part contributed by these thirteen 
comets, and the lower curved line represents the distribution 
for the remaining comets. 

We have then in the line AB, fig. 1, the expression of the 
law of original distribution of the inclinations required by the 
hypothesis of Kant; in the smooth curve, or curve of sines, that 


A B 

iv \ 
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of the law of distribution required by the hypothesis of Laplace ; 
and in the irregular curves, the actual present distribution of 
247, and 234, known orbits. Does the present fact most 
favor the one hypothesis, or the other? The smaller irregular- 
ities of the curve are, of course, due to chance. But there are 
certain large differences between the fact and each hypothesis 
which show either systematic action of perturbations, or else 
that neither hypothesis as stated is exclusively true. The form 
of the question may be this: after allowing for any perturba- 
tions and principles of selection that have acted on the orbits 
of known comets, would the curve of fact in the figure agree 
most nearly with the one, or with the other hypothesis ? 

25. There may be some principle of selection, some cause 
why it is easier, or harder, to discover comets of small inclina- 
tions than those nearly perpendicular; or those of direct than 
those of retrograde motions. But I have not been able to 
establish the action of any such principle. The perturbations 
only will therefore be considered. 

If the comets come from without, and are now permanent 
members of the solar system, as many of them certainly are, 
their velocities for given distances from the sun have been 
diminished by perturbations. If this diminution is due to a 
resisting medium there is no resulting effect upon the inciina- 
tions of the orbits: but if by comets passing near to planets 
the inclinations are in general changed. In an individual case 
the effect may be to increase, or it may be to diminish the 
inclination. Which effect is most frequent? We can only 
consider the average result, treating the orbits statistically rather 
than individually. 

26. If the planets and sun were fixed centers of force they 
could not change by their attraction a comet’s orbit from an 
open into a closed curve. It is only to the motion of a planet 
that the change is owing. Let a comet in its orbit come near 
to Jupiter, for instance. If it passes in front of Jupiter, the 
comet's potential relative to the mass of Jupiter and the sun 
is increased without any corresponding increase by Jupiter’s 
attraction of its velocity. If it passes behind Jupiter, then its 
potential is diminished by Jupiter's motion without any corres- 
sponding decrease of velocity . 

About Jupiter let there be described a series of level surfaces 
at equal differences of potential. Then Jupiter’s motion in his 
orbit will carry some of these spherical surfaces past the comet. 
The difference between the number of spheres entered and the 
number left by virtue of Jupiter's motion, expresses the decrease 
of the square of the comet's velocity. The surfaces are closer 
to each other near to Jupiter. Hence the decrease depends on 
the nearness of approach of the comet to Jupiter, and is propor- 
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tional to the amount of Jupiter’s motion normal to the average 
direction of the relative orbit. 

[This is more definitely shown, if desired, and the quantity 
of the change is found by solving the equations of motion for 
this case. Let a be the unit of distance, fthe sun’s attraction 
at the unit of distance, v the velocity of the comet in its orbit 
about the sun, 7 and 7% the distances of the comet from the sun 
and Jupiter, and m the mass of Jupiter (sun’s mass = 1): then if 

= 
r r, 
any change in P will evidently change the periodic time of the 
comet in its eliiptic orbit, or by diminution of P the orbit may 
change from an hyperbola to an ellipse. 

Let now a, y, 2, be the codrdinates of the comet relative to 
the sun, 2, %, %, of the planet relative to the sun, 2, Y, %, of 
the comet relative to the planet; so that r= 2,+%, y=Y,+ ¥ 
and z=2+%. Neglecting the comet’s mass we have for the 
equations of motion, 


Px , me, 


Multiplying by 2dz, 2dy, and 2dz, adding and observing that 
dx = dx, + dx, dy = dy, + dy, dz = dz, + dz, we have by re- 


duction, 
2mfa’ (x, dx, , y, dy, , % &, 
= — 2mfa’ x, da, dy, dz, ds, 


where ds, is the element of Jupiter’s orbit about the sun. The 

quantity in the parenthesis is the cosine of the angle at the 
lanet between the comet’s radius vector and the direction of 
upiter’s motion, which angle we may denote by g. The factor 

as the planet's velocity in its orbit, which may be denoted 

by v, Then we have, 


&mfa*v, 


COS P,. 


dt 
The integral for P for the time that the comet is within the 
sphere of Jupiter’s special action (that is, while the comet may 
be treated as moving in a hyperbolic orbit about Jupiter, and 
the sun only as a perturbing body), gives the change in P 


Vy _ MY, 
(4+). 
(2 mz, 
G+). 
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due to Jupiter’s motion. Let v be the comet’s relative velocity 
on entering the sphere of Jupiter’s action, and py the perpen- 
dicular from Jupiter on its relative path at that time. From 
Kepler's law = povgdt, where is the angle in the plane of 
the comet’s relative orbit defining the place of the comet. Dur- 
ing the time of the comet’s transit past Jupiter his motion may 
be regarded as in a straight line. Project that line on the plane 
of the comet’s relative orbit, let @ be counted from this projection, 
and call the angle of projection d. Then cos g = cos 4 cos 8, 
and we have, 

pe = —2mfa'*r, cos 6 cos 6 ds. 


Denoting the total change of P by 4, and the first and last 
values of @ by 0’ and @”, we have, 


4 = 2mfu’v, cos 6 (sin 6’— sin 6) 
= 4mfa’v, cos 6 cos 6) sin 6). 


But 0”’— @’ is the change of direction of the comet’s radius 
vector, and is approximately that angle of the asymptotes of the 
hyperbolic orbit which encloses the curve. Denote it by 2a, 
observing that sin @ will in general be not much different from 
unity. Again $(6’+ 6”) is the angle defining the perijove of 
the comet’s orbit, and coséd cos 4(0’+ 0’) = cosg, where ¢ is the 
angle between the direction of Jupiter’s motion and the direction 
from Jupiter of the transverse axis of the comet’s orbit. Hence, 

That is, the total decrease in the kinetic energy of a comet caused by 
the perturbing action of a planet during the transit of the comet past 
the planet is proportional to the continued product of the momentum of 
the planet (mu), the cosine of half the angle through which the comet's 
direction is changed by the planet (sin a), the cosine of the angle at 
the planet between the direction of the planet's motion and the trans- 
verse axis of the comet's relative orbit (cos ¢), and the reciprocal of 
the constant area described in the unit of time by the comet in tts 
relative orbit (2 pp). 

27. Let CSP (fig. 2) be a triangle on the celestial sphere, 
C and P being the points from which the comet’s and planet’s 
motions are directed when they are near 2 
each other, and S the direction of the sun ny 
from the planet. Ifthe planet be regarded 
as describing a circle in the ecliptic, then 
SP is a quadrant, and CSP is the incli- § 
nation of the comet’s orbit. Denote CSP 
by 7, CP by w, and CPS by & CP will 
be greater or less than a quadrant according as S or 7 is greater 
or less than a right angle, and by trigonometry tan 7=sin f tan w. 
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If we suppose a large number of comets to approach the planet 
so that the value of w is constant but so that the points from 
which their motions are directed are equably distributed on the 
circumference of the small circle whose pole is P, and whose 
distance from P is w, then evidently the mean value of tani is 


= f tan w sin fd, that is = tanw.* Therefore the greater 
0 


the algebraic value of tan , the greater that of the mean value 
of tanz. Hence, also, the greater the value of w between 0° and 
180° the greater the mean value of 7, between the same limits. 
Therefore we may conclude that when the perturbing action of 
a planet upon neighboring comets increases the angle between the 
directions of the motions of the comets and of the planet, that action 
tends likewise in the mean to increase the inclination of the comets’ 
orbits to the plane of the planet's orbit, and conversely. 

28. Suppose now that a comet passes through the sphere of 
a planet's action. Denote the planet’s velocity by v, the 
comet’s relative velocity on entering and on leaving the sphere 
by wv, the comet’s absolute velocity on entering the sphere by 
v, and on leaving the sphere by v’, the angle which the comet's 
absolute motion makes with that of the planet on entering the 
sphere by w, and on leaving the sphere by w’. Let also 
2V=v-+v’, and 2d=v—v’. Then by composition of motions, 

—2v,v vos cos 
cos w'=,"+(V —d)*?—2v,(V—d) cos w’. 
Hence reducing, we have 
COS COS COS @). 
If now the action of the planet is to diminish v, both V—d and 
d are positive, and the sign of cos w—cos w’ depends upon that 
of V-—v,cosw. Hence w is increased by that action when 
V—v, cos w is positive. 

If w>90° this quantity is positive, and at the same time 
+>90° (27). Since the action of the planet is to increase w, the 
resulting value of 7 exceeds 90°. Therefore, when the inclination 
of a comet's orbit is greater than 90°, and the velocity of the comet is 
reduced by the perturbing action of a planet near w which it comes, 
the orbit after the perturbation has an inclination greater than 90° ; 
and, if a large number of cases be considered, the mean effect of the 
perturbations is to increase the inclinations. 

29. Again, for a comet moving in a parabolic orbit we have 
v=v,/2. Hence, V=}(v+v’)>v, cos 45°, and V—v, cos is 
positive when w>45°. Therefore, whenever any comet moving 
wn a parabolic orbit passes near to a planet and by the planet's 


* The integration should not extend to the second semicircle, since the comets 
corresponding thereto belong to the other node. 
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action has its velocity diminished, the angle between the directions 
of the motions of the two bodies about the sun is increased in all 
cases in which that angle is at first greater than 45°. 

30. Again, when is less than 45°, and the planet before 
disturbance moves in a parabola so that v= /2, then 
V—v, cos w is positive for all values of w unless V<w, that is, 
unless v+v’'<2v,, in other words 2d>2v,( v2—1)=0°828y,. 
Therefore, when a planet overtaken by a comet, the directions of 
their motions differing less than 45°, has its velocity diminished, 
that difference of direction will be increased unless the comet comes 
so near to the planet as to lose by tts perturbing action a part of tts 
velocity at least equal to about $ths of the planet's velocity. 

31. Therefore, it is only in exceptional cases (28, 29, 30) 
that the shortening by a planet’s action of the periodic time of 
a comet moving in an orbit of long period is not connected 
with an increase of the angle of divergence of the two motions, 
and a consequent tendency to increase the inclination of the 
two orbits. In the exceptional cases the comet overtakes the 

lanet, passes around close to and in front of it, and is thus left 
bchind with an absolute velocity and hence a periodic time 
much less than that of the planet, and with a direct motion. 

82. On the other hand, for given values of vp and v,, and 
w>90°, the smallest value of v’ corresponds to w’=180°, when 
v'=U)—v, If the comet approaches in a parabolic orbit 
v=v,/2, and we have for the smallest value of v’, 


cos w)t—v,=0, (3 —2a/2 cos w)t—1 


Hence v’>( Therefore, when the inclination 
of a comet's orbit is greater than 90°, and i approaches the planet 
an a parabolic orbit, it leaves the vicinity of the planet with an 
absolute velocity greater than {;3,ths of the velocity of the planet's 
velocity in its orbit. We may say that the value of v’, when 
w>90°, will be in general much greater than 2, and therefore 
may conclude that the comet whose inclination exceeds 90° will 
rarely by a planet’s attraction acting during a single passage 
be reduced from a parabolic orbit to one whose periodic time 
is less than that of the planet. 

33. Apply now these propositions to the questions stated 
above (24). If comets are from stellar space they come toward 
the planets at. first a trifle faster than if moving in a parabola. 
If one of them does not lose velocity, or if passing behind a 
planet it gains velocity, that comet goes off into space again 
never to return. But if it passes in front of a large planet, 
within a moderate distance of it, it loses velocity enough to 
remain a permanent member of our system. 

Most observed comets have on this hypothesis thus lost 
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velocity. What proportion have not depends upon how fast 
the process of disintegration of comets goeson. If this process 
is very slow, the new comers on our list should form a smaller 
proportion than if the process is rapid. But it has been seen 
that in the process by which they lose velocity their orbits 
have their inclinations in general increased. This is particu- 
larly true for the inclinations between 45° and 185°, for the 
corresponding comets are more likely to pass directly across in 
front of the planets. Hence in fig. 1 we ought to expect on 
Laplace’s hypothesis as a result of perturbations an increase of 
the ordinates between 90° and 185°, at the expense of the 
ordinates between 45° and 90°. 

Again, the periodic comets form a marked group and should 
probably be treated separately. Now it is reasonable to sup- 

se that a large part of the area between 0° and 20° lying 
aeth the shaded area is due also to comets of short periods. 
Of the twenty-six comets in the table whose inclinations are 
less than 20°, nine are noted as periodic and furnish the shaded 
area near A. Of seven of the remainder, viz: 1748 I, 1678, 
1585, 1766 II, 1819 IV, 1867 I and 1847 V, the orbits cvom- 
— are ellipses, mostly short ones, but the comets have not 

een certainly detected at any return. Of the other ten about 
half were not well enough observed to enable us to say 
whether their periods were short or long. It is probably safe 
to assume that the area between the curve of sines and the 
shaded area belongs, up to 20°, to comets of short period. 
These return so frequently that their number in a list of 
observed comets is out of all proportion to their number among 
existing comets. Whatever theory of the origin of this group 
we may assume they should, because of the comparative ease 
of their being detected, not count for much in studying the 
original distribution of the inclinations. 
rrect then the curve in fig. 1 by striking off the surplus 
area below 20°, bringing back some of the area from the 
second into the first quadrant to counteract the effect of per- 
turbation, and the result corresponds well with the theoretical 
curve of sines, especially if this curve is slightly reduced in 
amplitude, as it should be, because of the removal of the 
periodic comets. We therefore conclude, that the curve of fact 
does agree well with that required by the hypothesis of Laplace if 
we first make reasonable allowance for known perturbations, 
and for the comets of short periods. 

84. Can the facts of the distribution of inclinations be ex- 
plained with reasonable suppositions on Kant’s hypothesis? I 
think not. If the comets are from matter at a very great dis- 
tance from the sun the line AB should represent the theory, and 
the decided turn of the curve downward towards 180° seems 
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inexplicable. The same is true for the downward turn of the 

curve near A when the comets of short period are thrown out, 

wholly, or in part. The effect of perturbation should be to 
ush the area forward towards B. 

But if the comets come from matter somewhat nearer to the 
sun, the line of theory should start above A and run out below 
B. The perturbations should then increase some inclinations 
and decrease others, with a slight tendency, in the mean, to 
increase them. For the comets whose times are decreased, and, 
therefore, whose inclinations are increased, would return more 
frequently and so be more likely to —— in our list, while 
some of those whose inclinations are diminished would go off 
altogether. But the perturbations would not easily remove the 
excess of area from near A in the figure. We therefore con- 
clude that the curve of fact is not made to agree with the hypothesis 
of Kant by simple and reasonable allowances for perturbations. 

35. The separate group of comets of short period may, for 
aught that appears in this discussion, have come either from 
material of the solar nebula, or from outside. In the former 
case they would seem to be merely asteroids turned out of 
the region between Mars and Jupiter, usually occupied by 
those bodies. If they came from outside there is a reason for 
their direct motion in the fact that only comets leaving the 
neighborhood of Jupiter’s orbit with a small velocity can move 
in these short periods, and only comets overtaking Jupiter can 
have their velocities so much diminished in a single approach 
to the planet. It is to be considered, however, that a comet 
leaving the neighborhood of a large planet has peculiar ten- 
dency to come again under its influence in subsequent revolu- 
tions. A slower velocity of approach changes much the 
problem at the second passage near the planet. 

36. How the comets first became solid is a question of great 
interest. That they are solid seems evident from the solid 
nature of the fragments broken off from the comets since they 
entered the solar system, i. e., the meteorites and meteoroids. 
The character of these fragments corresponds more with that of 
the deeper rocks than with those on the surface of the earth. 
It seems very improbable that iron masses whose like in the 
earth is found only in the igneous trap rocks, especially in the 
Greenland traps, should have become consolidated in the cold 
of space in small parcels. The internal structure of the comet 
fragments are records of an interesting early history. To 
decipher the legends belongs rather to the mineralogist and 
the physicist than to the astronomer. My effort has been to 
find where they were written. 


180 W. N. Rice—Animal of Millepora alctcornis. 


Art. XVI.—On the Animal of Millepora alcicornis ; by 
WILLIAM NortH RIcE. 


THE attention of zoologists was called to the relauons of 
Millepora by the announcement of Agassiz in 1858 that “ Mille- 
pora is not an Actinoid Polyp, but a genuine Hydroid, allied 
to Hydractinia.”* Professor Agassiz figured the animals as 
seen by him, in his Contributions to the Natural History of 
the United States, vol. iii, p. 61. On the evidence afforded 
by a single observation of Millepora, he proposed to transfer 
to the Acalephez not only that genus, but all the Madreporaria 
Tabulata of Milne-Edwards. Professor Verrill has shownt 
that the latter inference cannot be accepted, and that the Mad- 
reporaria Tabulata form an artificial and quite heterogeneous 
assemblage. There has been much difference of opinion as to 
the soundness of Agassiz’s conclusion in regard to Millepora 
itself, and the extreme shyness of the animals has rendered it 
impossible to accumulate numerous observations. A paper by 
General Nelson and P. Martin Duncan, contains figures of the 
animals of Millepora alcicornis, as observed by the former 
author while stationed at Bermuda many years ago. The 
figures differ from those of Agassiz in arranging the tentacles 
regularly in whorls of four, and the authors conclude that 
Millepora is probably an Alcyonarian. The arrangement of 
tentacles is certainly quite unusual in the Alcyonaria, admit- 
ting the correctness of General Nelson’s figures. In Novem- 
ber, 1875, a paper by Mr. Moseley of the Challenger expedition 
was read before the Royal Society,§ in which the author 
reported observations on Millepora at Bermuda and elsewhere. 
The observations seem to have been quite unsatisfactory, and 
the author at that time ventured no conclusion from them. He 
was, however, more fortunate at Tahiti; and his paper read 
before the Royal Society in April, 1876,| gives the results of a 
more complete and satisfactory series of observations on the 
genus in question than has been made by any other author. 
His conclusions agree substantially with those of Agassiz. 

In the winter of 1876-7, the writer spent some weeks in 
Bermuda, residing for a part of the time at Flats Village, on 
the shore of Harrington Sound. The abundance of Millepora 
in the shallow water of that beautiful lagoon afforded excellent 
opportunity for an investigation of the animals. In this work, 

* This Journal, II, xxvi, 140. + Ibid, IU, iii, 187. 

Ann. and Mag. Nat. Hist., xvii, 354. 
ni — Transactions, clxvi, 91; abstract in Ann. and Mag. Nat. Hist., 

| Phil. Trans., clxvii, 117; abstract in Ann. and Mag. Nat. Hist., xviii, 178. 
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the writer was favored with the kind assistance of Mr. G. 
Brown Goode, of the Smithsonian Institution. Our experience 
enabled us to appreciate the difficulty which observers have 
always found in the extreme shyness of the animals. Great 
care was taken in collecting the animals to avoid subjecting 
them to any more of a shock than was necessary. In accord- 
ance with a suggestion of Professor Verrill, we were careful 
not to have the specimens out of water for an instant either in 
collecting them or in the subsequent manipulation. Specimens 
were collected at various hours of the day, and examined at 
about all hours of the day and night. Only once were we 
favored with a sight of the zooids in expansion. Though that 
observation was far from being as satisfactory as could be 
desired, the writer has thought it might be worth while to give 
an account of it; for, on a subject so important and presenting 
such difficulties to every observer, every scrap of observation 
is probably worth saving. 

The zooids which we saw in expansion showed generally a 
pretty regular whorl of tentacles at the summit. There seemed 
to be indications of a tendency to a grouping of the tentacles 
in one or more whorls below the one at thesummit. But these 
lower whorls were not at all regularly developed, and in some 
cases the tentacles were scattered singly without any recogniz- 
able arrangement in successive whorls. Where an approxima- 
tion to a whorled arrangement could be recognized, the number 
of tentacles in a whorl was generally four, but appeared to be 
sometimes three. As regards the arrangement of the tentacles, 
our observation is therefore substantially in agreement with 
those of Agassiz and Moseley. We feel very confident that 
the tentacles are not in uniform and regular whorls of four, as 
figured by Nelson and Duncan. 


The accompanying figures, 1 to 20, represent the outlines of 
several zooids in the various positions in which they chanced to 
present themselves. The drawings were made hastily while the 
specimens were under examination. It is needless to remark 
that they make no pretension to any artistic character. What- 
ever value they may have arises from the fact of a conscien- 
tious endeavor to draw exactly the outlines which were seen, 
not a line being added hypothetically or inferentially. Figures 

Am. Jour. Vou. XVI, No. 1878. 
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1-16 represent zooids seen more or less nearly in profile; 
figures 17-20 zooids seen from above. Figures 5, 6, 8, 14, 15 
were drawn by Mr. Goode; the remainder by the writer. The 
drawings testify to the entire agreement between the two 


eee 


observers. The zooids seen by us appear to have been of the 
mouthless kind. Moseley has noticed the fact that these 
expand much more readily than the others. Our observations 
were made partly with a two-inch, but chiefly with a one-inch 
objective. 


Some attempts were made to study the zooids by means of 
decalcified specimens, previously treated with picric acid and 
alcohol ; a preliminary treatment with picric acid and subse- 
quent removal to alcohol having been shown by experiments 


& 


16. 


undertaken by members of the United States Fish Commission, 
in 1874, to be remarkably effective in preserving the delicate 
tissues of Hydrozoa. We did not succeed in obtaining by this 
means any zooids in satisfactory condition. The specimens, 
however, prepared as above stated, and subsequently mounted 
in — jelly, show well some details of structure, par- 
ticularly the lasso-cells with extraordinarily long thread, figured 


by Moseley.* Moseley’s figure of a lasso-cell from Millepora 
nodosa illustrates well the character of those in Millepora alci- 
cornis, though in the latter the spinous portion is somewhat 
nearer the base of the thread. The length of the thread in the 
longest of our specimens is about ‘027 inch. 


* Philosophical Transactions, clxvii, pl. II, fig. 1. 
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Art. XVII. — Forest Corea and Archeology; a Lecture 
delivered before the Harvard University Natural History Society, 
April 18, 1878; by Asa Gray. 


[Continued from p. 94.] 


THE difference in the composition of the Atlantic and Pacific 
forests is not less marked than that of the climate and geograph- 
ical configuration to which the two are respectively adapted. 

With some very notable exceptions, the forests of the whole 
northern hemisphere in the temperate zone (those that we are 
concerned with) are mainly made up of the same or similar 
kinds. Not of the same species; for rarely do identical trees 
occur in any two or more widely separated regions. But all 
round the world in our zone, the woods contain Pines and 
Firs and Larches, Cypresses and Junipers, Oaks and Birches, 
Willows and Poplars, Mapies and Ashes and the like. Yet 
with all these family likenesses throughout, each region has 
some peculiar features, some trees by which the country may 
at once be distinguished. 

Beginning by a comparison of our Pacific with our Atlantic 
forest, I need not take the time to enumerate the trees of the 
latter, as we all may be supposed to know them, and many of 
the genera will have to be mentioned in drawing the contrast 
to which I invite your attention. In this you will be impressed 
most of all, I think, with the fact that the greater part of our 
familiar trees are “conspicuous by their absence” from the 
Pacific forest. 

For example, it has no Magnolias, no Tulip-tree, no Papaw, 
no Linden or Basswood, and is very poor in Maples; no 
Locust-trees—neither Flowering Locust nor Honey Locust—nor 
any Leguminous tree; no Cherry large enough for a timber- 
tree, like our wild Black Cherry; no Gum-trees (Nyssa nor 
Liquidambar), nor Sorrel-tree, nor Kalmia; no Persimmon, or 
Bumelia; not a Holly; only one Ash that may be called a 
timber-tree; no Catalpa, or Sassafras; not a single Elm, nor 
Hackberry; not a Mulberry, nor Planer-tree, nor Maclura; 
not a Hickory, nor a Beech, nor a true Chestnut, nor a Horn- 
beam; barely one Birch tree, and that only far north; where 
the differences are less striking. But as to Coniferous trees, the 
only missing type is our Bald Cypress, the so-called Cypress 
of our southern swamps, and that deficiency is made up b 
other things. But as to ordinary trees, if you ask what takes 
the place in Oregon and California of all these missing kinds, 
which are familiar on our side of the continent, I must answer, 
nothing, or nearly nothing. There is the Madrofia os 
instead of our Kalmia (both really trees in some places); an 
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there is the California Laurel instead of our southern Red Bay 
tree. Nor in any of the genera common to the two dves the 
Pacific forest equal the Atlantic in species. It has not half as 
many Maples, nor Ashes, nor Poplars, nor Walnuts, nor 
Birches, and those it has are of smaller size and inferior qual- 
ity; it has not half as many Oaks; and these and the Ashes 
are of so inferior economical value, that (as we are told) a pass- 
able wagon-wheel cannot be made of California wood, nor a 
really good one in Oregon. 

This poverty of the western forest in species and types may 
be exhibited graphically, in a way which cannot fail to strike 
the eye more impressively than when we say that, whereas the 
Atlantic forest is composed of 66 genera and 155 species, the 
Pacific forest has only 81 genera and 78 species.* In the 
appended diagrams, the short side of the rectangle is propor- 
tional to the number of genera, the long side to the number of 
species. 

Now the geographical areas of the two forests are not very 
different. From the Gulf of Mexico to the Gulf of St. Lawrence 
about twenty degrees of latitude intervene. From the southern 
end of California to the peninsula of Alaska there are twenty- 
eight degrees, and the forest on the coast runs some degrees 
north of this; the length may therefore make up for the com- 
parative narrowness of the Pacific forest region. How can so 
nreagre a forest make so imposing a show? Surely not by the 
greater number and size of its individuals, so far as Setlanes 
(or more correctly non-coniferous) trees are concerned ; for on 
the whole they are inferior to their eastern brethren in size if 
not in number of individuals. The reason is, that a larger pro- 

ortion of the genera and species are coniferous trees ; and these, 

ing evergreen (except the Larches), of aspiring port and 
eminently gregarious habit, usually dominate where they occur. 
While the east has almost three times as many genera and four 
times as many species of non-coniferous trees as the west, it 
has slightly fewer genera and almost one-half fewer species 
of coniferous trees than the west. That is, the Atlantic conif- 
erous forest is represented by 11 genera and 25 species; 
the Pacific by 12 genera and 44 species. This relative pre- 
ponderance may also be expressed by the diagrams, in which 
the smaller enclosed rectangles, drawn on the same scale, 
represent the coniferous portions of these forests. 

* We take in only timber trees, or such as attain in the most favorable localities 
to a size which gives them a clear title to the arboreous rank. The subtropical 
southern extremity and Keys of Florida are excluded. So also are one or two 
trees of the Arizonian region which may touch the evanescent southern borders of 
the Californian forest. In counting the Coniferous genera, Pinus, Larix, Picea, 
Abies and Tsuga are admitted to this rank, but Cupressus and Chamecyparis are 
taken as one genus. 
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Indeed, the Pacific forest is made up of conifers, with non- 
coniferous trees as occasional undergrowth or as scattered indi- 
viduals, and conspicuous only in valleys or in the sparse tree- 
growth of plains, on which the oaks at most reproduce the 
features of the “oak openings” here and there bordering the 
Mississippi prairie region. Perhaps the most striking contrast 
between the west and the east, along the latitude usually trav- 
ersed, is that between the spiry evergreens which the traveler 
leaves when he quits California, and the familiar woods of 
various-hued round-headed trees which give him the feeling of 
home when he reaches the Mississippi. The Atlantic forest is 
particularly rich in these, and is not meagre in coniferous trees. 
All the glory of the Pacific forest is in its coniferous trees: its 
desperate poverty in other trees appears in the annexed diagram. 


— 


3. 2. 3. 4. 
1. Atlantic American Forest. 3. Japan-Manchurian Forest. 
2. Pacific American Forest. 4. European Forest. 


These diagrams are made more instructive, and the relative 
richness of the forests round the world in our latitude is most 
simply exhibited, by adding two or three similar ones. Two 
will serve, one for Europe, the other for N. E. Asia. A third 
would be the Himalay-Altaian region, geographically interme- 
diate between the other two as the Arizona-Rocky Mountain 
district is between our eastern and western. Both are here left 
out of view, partly for the same, partly for special reasons per- 
taining to each, which I must not stop to explain. These four 
aint specimens will simply and clearly exhibit the general 
acts. 
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Keeping as nearly as possible to the same scale, we may 
count the indigenous forest trees of all Europe at 33 genera and 
85 species. And those of the Japan-Manchurian region, of 
very much smaller geographical area, at 66 genera and 168 
species. I here include in it only Japan, Eastern Manchuria, 
and the adjacent borders of China. The known species of 
trees must be rather roughly determined; but the numbers 
here given are not exaggerated, and are much more likely to 
be sensibly increased by further knowledge than are those of 
any of the other regions. Properly to estimate the surpassing 
richness of this Japan-Manchurian forest, the comparative 
smallness of geographical area must come in as an important 
consideration. 

To complete the view, let it be noted that the division of 
these forests into coniferous and non-coniferous is, for the 


European non-coniferous, 26 genera, 68 species. 
33 85 


Japan-Manchurian non-coniferous, 47 genera, 123 species. 
coniferous, 19 “45 


In.other words, a narrow region in Eastern Asia contains twice 
as many genera and about twice as many species of indigenous 
trees as are possessed by all Europe; and as to coniferous trees, 
the former has more genera than the latter has species, and over 
twice and a half as many species. 

The only question about the relation of these four forest 
regions, as to their component species, which we can here pause 
to answer, is to what extent they contain trees of identical 
species. If we took the shrubs, there would be a small num- 
ber, if the herbs a very considerable number, of species common 
to the two New World and to the two Old World areas respect- 
ively, at least to their northern portions, even after excluding 
arctic-alpine plants. The same may be said, in its degree, of 
the North European flora compared with the Atlantic North 
American, of the Northeast Asiatic compared with the north- 
ern part of the Pacific North American, and also in a peculiar 
way (which I have formerly pointed out and shall have soon 
to mention) of the Northeastern Asiatic flora in its relations 
to the Atlantic North American. But as to the forest trees 
there is very little community of species. Yet this is not abso- 
lutely wanting. The Red Cedar (Juniperus Virginiana) among 
coniferous trees, and Populus tremuloides among the deciduous, 
extend across the American continent specifically unchanged, 
though hardly developed as forest trees on the Pacific side. 
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There are probably, but not certainly, one or two instances on 
the northern verge of these two forests. There are as many in 
which eastern and western species are suggestively similar. 
The Hemlock-Spruce of the Northern Atlantic States, and the 
Yew of Florida are extremely like corresponding trees of the 
Pacific forest; indeed the Yew-trees of all four regions may 
come to be regarded as forms of one polymorphous species. 
The White Birch of Europe and that of Canada and New Eng- 
land are in similar case; and so is the common Chestnut (in 
America confined to the Atlantic States), which on the other 
side of the world is also represented in Japan. A link in the 
other direction is seen in one spruce tree (called in Oregon 
Menzies Spruce) which inhabits Northeast Asia, while a pecul- 
iar form of it represents the species in the Rocky Mountains. 

But now other and more theoretical questions come to be 
asked, such as these: 

Why should our Pacific forest region, which is rich and in 
—_ respects unique in coniferous, be so poor in deciduous 
trees | 

Then the two Big-trees, Sequoias, as isolated in character as 
in location,—being found only in California, and having no near 
rélatives any where,—how came California to have them ? 

Such relatives as the Sequoias have are also local, peculiar, 
and chiefly of one species to each genus. Only one of them is 
American, and that solely eastern, the Taxodium of our Atlan- 
tic States and the plateau of Mexico. The others are Japanese 
and Chinese. 

Why should trees of six related genera, which will all thrive 
in Europe, be restricted naturally, one to the eastern side of 
the American continent, one genus to the western side and very 
locally, the rest to a small portion of the eastern border of Asia? 

Why should coniferous trees most affect and preserve the 
greatest number of types in these parts of the world? 

And why should the Northeast Asian region have, in a com- 
paratively small area, not only most coniferous trees, but a 
notably larger number of trees altogether than any other part 
of the northern temperate zone? Why should its only and 
near rival be in the antipodes, namely, here in Atlantic North 
America? In other words why should the Pacific and the 
European forests be so poor in comparison, and why the Pacific 
poorest of all in deciduous, yet rich in coniferous trees ? 

The first step toward an explanation of the superior richness 
in trees of these antipodal regions, is to note some striking sim- 
ilarities of the two, and especially the number of peculiar types 
which they divide between them. The ultimate conclusion 
may at length be ventured, that this richness is normal, and 
that what we really have to explain is the absence of so many 
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forms from Europe on the one hand, from Oregon and Cali- 
fornia on the other. Let me recall to mind the list of kinds 
(i. e. genera) of trees which enrich our Atlantic forest but are 
wanting to that of the Pacific. Now almost all these recur, in 
more or less similar but not identical species, in Japan, North 
China, etc. Some of them are likewise European, but more 
are not so. Extending the comparison to shrubs and herbs, it 
more and more appears, that the forms and types which we 
count as peculiar to our Atlantic region, when we compare 
them, as we first naturally do, with Europe and with our West, 
have their close counterparts in Japan and North China; some 
in identical species (especially among the herbs), often in 
strikingly similar ones, not rarely as sole species of peculiar 
genera or in related generic types. I was a very young botanist 
when I began to notice this; and I have from time to time 
made lists of such instances. Evidences of this remarkable 
relationship have multiplied year after year, until what was 
long a wonder has come to be so common that I should now 
not be greatly surprised if a Sarracenia or a Dionsa, or their 
like, should turn up in Eastern Asia. Very few of such iso- 
lated types remain without counterparts. It is as if Nature, 
when hes had enough species of a genus to go round, dealt 
them fairly, one at least to each quarter of our zone; but 
when she had only two of some peculiar kind gave one to us 
and the other to Japan, Manchuria, or the Himalayas; when 
she had only one, divided these between the two partners on the 
opposite side of the table. The result, as to the trees, is seen 
in these four diagrams. As to number of species generally, it 
cannot be said that Europe and Pacific North America are at 
all in arrears. But as to trees, either the contrasted regions 
have been exceptionally favored, or these have been hardly 
dealt with. There is, as I have intimated, some reason to adopt 
the latter alternative. 

We may take it for granted that the indigenous plants of any 
country, particularly the trees, have been sdaieel by climate. 
Whatever other influences or circumstances have been brought 
to bear upon them, or the trees have brought to bear on each 
other, no tree could hold its place as a member of any forest 
or flora which is not adapted to endure even the extremes 
of the climate of the region or station. But the character of 
the climate will not explain the remarkable paucity of the 
trees which compose the indigenous European forest. That is 
proved by experiment, sufficiently prolonged in certain cases 
to justify the inference. Probably there is no tree of the 
northern temperate zone which will not flourish in some part 
of Europe. Great Britain alone can grow double or treble the 
number of trees that the Atlantic States can. In all the latter 
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we can grow hardly one tree of the Pacific coast. England 
supports all of them, and all our Atlantic trees also, and like- 
wise the Japanese and North Siberian species, which do thrive 
here remarkably in some part of the Atlantic coast, especially 
the cooler-temperate ones. The poverty of the European sylva 
is attributable to the absence of our Atlantic American types, 
to its having no Magnolia, Liriodendron, Asimina, Negundo, 
no Aisculus, none of that rich assemblage of Leguminous trees 
represented by Locusts, Honey-Locusts, Gymnocladus, and Cla- 
drastis (even its Cercis, which is hardly European, is like the 
Californian one mainly a shrub); no Nyssa, nor Liquidambar ; 
no Kricacezw rising to a tree; no Bumelia, Catalpa, Sassafras, 
Osage Orange, Hickory, or Walnut; and as to Conifers, no 
Hemlock Spruce, Arbor-vite, Taxodium, nor Torreya. As 
compared with Northeastern Asia, Europe wants most of these 
same types, also the Ailantus, Gingko, and a goodly number 
of coniferous genera. I cannot point to any types tending to 
make up the deficiency, that is, to any not either in East North 
America or in Northeast Asia, or in both. Cedrus, the true 
Cedar, which comes near to it, is only North African and Asian. 
I need not say that Europe has no Sequoia, and shares no special 
type with California. 

Now the capital fact is, that many and perhaps almost all of 
these genera of trees were well wan Masel in Europe through- 
out the later Tertiary times. It had not only the same generic 
types, but in some cases even the same species, or what must 
pass as such, in the lack of recognizable distinctions between 
fossil remains and living analogues. Probably the European 
Miocene forest was about as rich and various as is ours of 
the present day, and very like it. The Glacial period came and 
passed, and these types have not survived there, nor returned. 
Hence the comparative poverty of the existing European 
sylva, or at least, the probable explanation of the absence of 
those kinds of trees which make the characteristic difference. 

Why did these trees perish out of Europe but survive in 
America and Asia? Before we enquire how Europe lost 
them, it may be well to ask, how it got them. How came 
these American trees to be in Europe? And among the rest, 
how came Europe to have Sequoias, now represented only by 
our two Big trees of California? It actually possessed two 
species and more; one so closely answering to the Redwood of 
the Coast Ranges, and another so very like the Sequoia gigantea 
of the Sierra Nevada, that, if such fossil twigs with leaves and 
cones had been exhumed in California instead of Europe, it 
would confidently be affirmed that we had resurrected the 
veritable ancestors of our two giant trees. Indeed, so it may 
probably be. ‘ Celum non animam mutant,” etc., may be 
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eg even to such wide wanderings and such vast inter- 
vals of time. If the specific essence bas not changed, and 
even if it has suffered some change, genealogical connection is 
to be inferred in all such cases. 

That is, in these days it is taken for granted that individuals 
of the same species, or with a certain likeness throughout, had 
a single birthplace, and are descended from the same stock, no 
matter how widely separated they may have been either in 
space or time, or both. The contrary supposition may be made, 
and was seriously entertained by some not very long ago. It 
is even supposable that plants and animals originated where 
they now are, or where their remains are found. But this is not 
science: in other words it is not conformable to what we now 
know, and is an assertion that scientific explanation is not to 
be sought. 

Furthermore, when species of the same genus are not found 
almost everywhere, they are usually grouped in one region, as 
are the Hickories in the Atlantic States, the Asters and Golden- 
rods in North America and prevailingly on the Atlantic side, 
the Heaths in Western Europe and Africa. From this we are 
led to the inference that all species closely related to each other 
have had a common birth-place and origin. So that, when we 
find individuals of a species or of a group widely out of the 
range of their fellows we wonder how they got there. When 
we find the same species all round the hemisphere, we ask how 
this dispersion came to pass. 

Now, a very considerable number of species of herbs‘and 
shrubs, and a few trees, of the temperate zone are found all 
round the northern hemisphere; many others are found part 
way round,—some in Europe and Eastern Asia; some in Europe 
and our Atlantic States; many, as I have said, in the Atlantic 
States and Eastern Asia ;—fewer (which is curious) common to 
Pacific States and Eastern Asia, nearer though these countries be. 

We may set it down as useless to try to account for this dis- 
tribution by causes now in operation and opy ortunities now 
afforded, i. e., for distribution across oceans by winds and cur- 
rents, and birds. These means play their part in dispersion 
from place to place, by step after step, but not from continent 
to continent, except for few things and in a subordinate way. 

Fortunately we are not obliged to have recourse to over- 
strained suppositions of what might possibly have occurred 
now and then, in the lapse of time, by the chance conveyance 
of seeds across oceans, or even from one mountain to another. 
The plants of the top of the White Mountains and of Labrador 
are mainly the same; but we need not suppose that it is so 
- because birds have carried seeds from the one to the other. 

I take it that the true explanation of the whole problem 
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comes from a just general view, and not through piecemeal 
suppositions of chances. And I am clear that it is to be found 
by looking to the north, to the state of things at the arctic 
zone,—first, as it now is, and then as it has been. 

North of our forest-regions comes the zone unwooded from 
cold, the zone of arctic vegetation. In this, as a rule, the 
species are the same round the world; as exceptions, some are 
restricted to a part of the circle. 

The polar projection of the earth down to the northern tropic, 
as here exhibited, shows to the eye—as our maps do not—how 
all the lands come together into one region, and how natural 
it may be for the same species, under homogeneous conditions, 
to spread over it. When we know, moreover, that sea and 
land have varied greatly since these species existed, we may 
well believe that any ocean-gaps, now in the way of equable 
distribution, may have been bridged over. There is now only 
one considerable gap. 

What would happen if a cold period were to come on from 
the north, and were very slowly to carry the present arctic 
climate, or something like it, down far into the temperate zone? 
Why, just what has happened in the Glacial period, when the 
refrigeration somehow pushed all these plants before it down 
to Southern Europe, to Middle Asia, to the middle and southern 
part of the United States; and, at length receding, left some 
parts of them stranded on the Pyrenees, the Alps, the Appenines, 
the Caucasus, on our White and Rocky Mountains, or, wherever 
they could escape the increasing warmth as well by ascending 
mountains as by receding northward at lower levels. Those that 
kept together at a low level, and made good their retreat, form 
the main body of present arctic vegetation. Those that took to 
the mountains had their line of retreat cut off, and hold their 
positions on the mountain-tops under cover of the frigid climate 
due to elevation. The conditions of these on different conti- 
nents or different mountains are similar, but not wholly alike. 
Some species proved better adapted to one, some to another, 
part of the world; where less adapted, or less adaptable, they 
have perished ; where better adapted, they continue,—with or 
without some change ;—and hence the diversification of alpine 
a as well as the general likeness through all the northern 

emisphere. 

All this exactly applies to the temperate.zone vegetation, 
and to the trees that we are concerned with. The clew was 
seized when the fossil botany of the high arctic regions came 
to light; when it was demonstrated that in the times next pre- 
ceding the Glacial period—in the latest Tertiary—from Spitzber- 
gen and Iceland to Greenland and Kamtschatka, a climate like 
that we now enjoy prevailed, and forests like those of New 


192 A. Gray—Forest Geography and Archeology. 


England and Virginia, and of California, clothed the land. We 
infer the climate from the trees; and the trees give sure indi- 
cations of the climate. 

I bad divined and published the explanation long before I 
knew of the fossil plants. These, since made known, render the 
inference sure, pod give us a clear idea of just what the climate 
was, At the time we speak of, Greenland, Spitzbergen and 
our arctic sea-shore, had the climate of Pennsylvania and Vir- 
ginia now. It would take too much time to enumerate the 
sorts of trees that have been identified by their leaves and 
fruits in the arctic later Tertiary deposits. 

I can only say, at large, that the same species have been 
found all round the world; that the richest and most extensive 
finds are in Greenland; that they comprise most of the sorts 
which I have spoken of, as American trees which once lived 
in Europe,—Magnolias, Sassafras, Hickories, Gum-trees, our 
identical Southern Cypress (for all we can see of difference), 
and especially Sequoias, not only the two which obviously 
answer to the two Big-trees now peculiar to California, but 
several others; that they equally comprise trees now peculiar 
to Japan and China, three kinds of Gingko-trees, for instance, 
one of them not evidently distinguishable from the Japan 
species which alone survives; that we have evidence, not merely 
of Pines and Maples, Poplars, Birches, Lindens, and whatever 
else characterize the temperate-zone forests of our era, but also 
of particular species of these, so like those of our own time and 
country, that we may fairly reckon them as the ancestors of 
several of ours. Long genealogies always deal more or less in 
conjecture ; but we appear to be within the limits of scientific 
inference when we announce that our existing temperate trees 
came from the north, and within the bounds of nigh probability 
when we claim not a few of them as the originals of present 
species. Remains of the same plants have been found fossil in 
our temperate region, as well as in Europe. 

Here, then, we have reached a fair answer to the question 
how the same or similar species of our trees came to be so dis- 
persed over such widely separated continents. The lands all 
diverge from a polar center, and their proximate portions—how- 
ever different from their present configuration and extent, and 
however changed at different times—were once the home of 
those trees, where they flourished in a temperate climate. The 
cold period which followed, and which doubtless came on by 
very slow degrees during ages of time, must have long before its 
culmination have brought down to our latitudes, with the similar 
climate, the forest they possess now, or rather the ancestors of it. 
During this long (and we may believe first) occupancy of Europe 
and the United States, were deposited in pools and shallow 
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waters the cast leaves, fruits, and occasionally branches, which 
are imbedded in what are called Miocene Tertiary or later 
deposits, most abundant in Europe, from which the American 
character of the vegetation of the period is inferred. Geologists 
give the same name to these beds, in Greenland and Southern 
Europe, because they contain the remains of identical and very 
similar species of plants; and they used to regard them as of 
the same age on account of this identity. But in fact this 
identity is good evidence that they cannot be synchronous. 
The beds in the lower latitudes must be later, and were forming 
when Greenland probably had very nearly the climate which 
it has now. 

Wherefore the high, and not the low, latitudes must be 
assumed as the birth-place of our present flora;* and the present 
arctic vegetation is best regarded as a derivative of the temperate. 
This flora, which when circumpolar was as nearly homogeneous 
round the high latitudes as the arctic vegetation is now, when 
slowly translated into lower latitudes, would preserve its homo- 
geneousness enough to account for the actual distribution of the 
same and similar species round the world, and for the original 
endowment of Europe with what we now call American types. 
It would also vary or be selected from by the increasing differ- 
entiation of climate in the divergent continents, and on their 
different sides, in a way which might well account for the 
present diversification. From an early period, the system of 
the winds, the great ocean currents (however they may have 
oscillated north and south), and the general proportions and 
features of the continents in our latitude (at least of the Amer- 
ican continent) were much the same as now, so that species of 
plants, ever so little adapted or predisposed to cold winters and 
hot summers, would abide and be developed on the eastern side 
of continents, therefore in the Atlantic United States and in 
Japan and Manchuria; those with preference for milder winters 
would incline to the western sides; those disposed to tolerate 
dryness would tend to interiors, or to regions lacking summer 
rain. So that, if the same thousand species were thrust promis- 
cuously into these several districts, and carried slowly onward 
in the way supposed, they would inevitably be sifted in such a 
manner that the survival of the fittest for each district might 
explain the present diversity. 

Besides, there are re-siftings to take into the account. The 
Glacial period or refrigeration from the north, which at its in- 
ception forced the temperate flora into our latitude, at its cul- 
mination must have carried much or most of it quite beyond. 

* This takes for granted, after Nordenskiéld, that there was no preceding Glacial 
period, as neither paleontology nor the study of arctic sedimentary strata afford 


any evidence of it. Or if they were any, it was too remote in time to concern the 
present question. 
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To what extent displaced, and how far superseded by the vege- 
tation which in our day borders the ice, or by ice itself, it is 
difficult to form more than general conjectures—so different and 
conflicting are the views of geologists upon the Glacial period. 
But upon any, or almost any, of these views, it is safe to con- 
clude that temperate vegetation, such as preceded the refrigera- 
tion and has now again succeeded it, was either thrust out of 
Northern Europe and the Northern Atlantic States, or was 
reduced to precarious existence and diminished forms. It also 
a that, on our own continent at least, a milder climate 
than the present, and a considesable submergence of land, tran- 
siently supervened at the north, to which the vegetation must 
have sensibly responded by a northward movement, from which 
it afterward receded. 

All these vicissitudes must have left their impress upon the 
actual vegetation, and particularly upon the trees. They fur- 
nish probable reason for the loss of American types sustained 
by Europe. 

I conceive that three things have conspired to this loss. 
First, Europe, hardly extending south of latitude 40°, is all 
within the limits generally assigned to severe glacial action. 
Second, its mountains trend east and west, from the Pyrenees 
to the Carpathians and the Caucasus beyond, near its southern 
border; and they had glaciers of their own, which must have 
begun their operations, and poured down the northward flanks, 
while the plains were still covered with forest on the retreat from 
the great ice-wave coming from the north. Attacked both on 
front and rear, much of the forest must have perished then and 
there. Third, across the line of retreat of those which may 
have flanked the mountain-ranges, or were stationed south of 
them, stretched the Mediterranean, an impassable barrier. Some 
hardy trees may have eked out their existence on the northern 
shore of the Mediterranean and the Atlantic coast. But we 
doubt not, Taxodium and Sequoias, Magnolias and Liquidam- 
bars, and even Hickories and the like were among the missing. 
Escape by the east, and rehabilitation from that quarter until a 
very late peried, was apparently prevented by the prolongation 
of the Mediterranean to the Caspian, and thence to the Siberian 
ocean. If we accept the supposition of Nordenskidld, that 
anterior to the Glacial etiod. Europe was “bounded on the 
south by an ocean amending from the Atlantic over the present 
deserts of Sahara and Central Asia to the Pacific,” all chance 
of these American types having escaped from or re-entered 
Europe from the south and east, is excluded. Europe may 
thus be conceived to have been for a time somewhat in the 
condition in which Greenland is now, and, indeed to have been 
connected with Greenland in this or in earlier times. Such a 
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junction, cutting off access of the Gulf Stream to the polar sea, 
would, as some think, other things remaining as they are, 
almost of itself give glaciation to Europe. Greenland may be 
referred to, by way of comparison, as a country which, having 
undergone extreme glaciation, bears the marks of it in the 
extreme poverty of its flora, and in the absence of the plants 
to which its southern portion, extending six degrees below the 
arctic circle, might be entitled. It ought to have trees, and 
might support them. But since destruction by glaciation, no 
way has been open for their return. Europe fared much better, 
but suffered in its degree in a similar way. 

Turning for a moment to the American continent for a con- 
trast, we find the land unbroken and open down to the tropic, 
and the mountains running north and south. ‘The trees, when 
touched on the north by the on-coming refrigeration, had only 
to move their southern border southward, along an open way, 
as far as the exigency required ; and there was no impediment 
to their due return. Then the more southern latitude of the 
United States gave great advantage over Europe. On the 
Atlantic border, proper glaciation was felt only in the northern 
part, down to about latitude 40°. In the interior of the country, 
owing doubtless to greater dryness and summer heat, the limit 
receded greatly northward in the Mississippi Valley, and gave 
only local glaciers to the Rocky Mountains; and no volcanic 
outbreaks or violent changes of any kind have here occurred 
since the types of our present vegetation came to the land. So 
our lines have been cast in pleasant places, and the goodly 
heritage of forest trees is one of the consequences. 

The still greater richness of Northeast Asia in arboreal vege- 
tation may find explanation in the prevalence of particularly 
favorable conditions, both ante-glacial and recent. The trees 
of the Miocene circumpolar forest appear to have found there a 
secure home; and the Japanese islands, to which most of these 
trees belong, must be remarkably adapted to them. The situa- 
tion of these islands—analogous to that of Great Britain, but 
with the advantage of lower latitude and greater sunshine— 
their ample extent north and gouth, their diversified contigura- 
tion, their proximity to the great Pacific gulf-stream, by which a 
vast body of warm water sweeps along their accentuated shores, 
and the comparatively equable diffusion of rain throughout the 
year, all probably conspire to the preservation and develop- 
ment of an originally ample inheritance. 

The case of the Pacific forest is remarkable and paradoxical. 
It is, as we know, the sole refuge of the most characteristic and 
wide spread type of Miocene Conifer, the Sequoias; it is rich 
in coniferous types beyond any country except Japan; in its 
gold-bearing gravels are indications that it possessed, seemingly 
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down to the very beginning of the Glacial period, Magnolias 
and Beeches, a true Chestnut, Liquidambar, Elms, and other 
trees now wholly wanting to that side of the continent, though 
common both to Japan and to Atlantic North America.* Any 
attempted explanation of this extreme paucity of the usually 
major constituents of forest, along with a great development of 
the minor, or coniferous, element, would take us quite too far, 
and would bring us to mere conjectures. 

Much may be attributed to late glaciation ;+ something to the 
tremendous outpours of lava which, immediately before the 
of refrigeration, deeply covered a very large part of the 
orest area; much to the narrowness of the forest belt, to the 
want of summer rain, and to the most unequal and precarious 
distribution of that of winter. 

Upon all these topics questions open which we are not pre- 
ared to discuss. I have done all that I could hope to do in one 
ecture if I have distinctly shown that the races of trees, like 
the races of men, have come down to us through a pre-historic 
(or pre-natural-historic) period; and that the explanation of 
the present condition is to be sought in the past, and traced in 
vestiges, and remains, and survivals; that for the vegetable 
kingdom also there is a veritable Archeology. 


Agt. XVIII.—Notes on Antimony Tannate; by ELLEN Swat- 
Low RicHarDs and ALICE W. PALMER. 


In the course of some work on the determination of tannic 
acid, we tried Gerland’s method of direct estimation by means 
of a standard solution of tartar emetic in sage of ammonium 
chloride. Gerland’s formula, in which the old atomic weights 
are used (Zeitschrift fiir Analyse, 1863, ii, page 419), is given as 
[or in the new nomenclature 
which requires 

Sb, 15°60 per cent, C, 41°43 percent, H, 3°07 per cent. 
The formula that we have been led to adopt, is Sba(C,4H,0,).4+- 
6H,0 which requires 

Sb, 18°59 per cent, C, 3841 percent, H, 2°74 per cent, 
in which tannic acid is considered as di-gallic acid,t with, possi- 


* See, especially, Report on the Fossil Plants of the auriferous gravel deposits 
of the Sierra Nevada, by L. Lesquereux; Mem. Mus. Comp. Zoology, vi,. no 2.— 
Determinations of fossil leaves, &c., such as these, may be relied on to this extent 
by the general botanist, however wary of specific and many generic identifications. 
These must be mainly left to the expert in fossil botany. 

+ Sir Joseph Hooker, in an important lecture delivered to the Royal Institution 
of Great Britain, April 12, insists much on this. 

¢ H. Schiff, Bull. Soc. Chem., IT, xvi, 198, 
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bly, three phenol H’s replaced by Sb as well as three acid H’s. 
This formula is deduced from the following analyses of anti- 
mony tannate. All the tannates described in this paper were 
prepared in the same manner. The solution, containing five 
to ten grams of tannic acid per liter, was heated to 60° C. in a 
water bath. Tartar emetic in strong solution was added, then 
80 c.c. of ammonium acetate per liter. After the whole was 
shaken and allowed to settle, it was filtered and dried at 100°C. 
to 105° C. for three or four days in an ordinary air-bath. The 
bulky, yellowish-white, gelatinous precipitate at first formed 
became, when dried, yellowish to reddish-brown, transparent, 
amorphous, and broken into small angular fragments. 


Antimony Tannates, 


Sb. C. H. 
Per cent. Per cent. Per cent. 


37°38 2°91 

From purified tannin 20°6 37°53 2°98 
37°51 2°78 

From unfiltered tannin 87°95 2°71 
From filtered tannin 39°30 2°86 
38°32 2°88 

From nutgalls 20°5 38°47 2°81 
88°14 2°92 

From sumac, No. I 39°60 2°70 
II 39°54 2°74 

TIE 20°1 40°51 2°92 


The antimony was determined as a sulphide, and the calcu- 
lated results are probably a little too high. 

As to the process of titration, our first experience coincided 
with the statement of Gauhe (Zeitschrift fiir Analyse, 1868, 
iii, page 122), that the end of the reaction was difficult to seize, 
and that the dilute solutions remained turbid. Even after we 
found an indicator, the process in our hands gave varying 
results with varying quantities of ammonium chloride and with 
different proportions of water. 

We then made a series of tests with other substances, viz: 
alum, salts of sodium, etc., as precipitating agents. The one 
chosen as a result of these tests was ammonium acetate, prepared 
by mixing in the right proportion glacial acetic acid and strong 
ammonia water of known strengths.* 1 c.c. of this preparation 
added for every 25 or 30 c.c. of the total bulk, will give a clear, 
liquid after standing a few minutes. 

ithout stating in detail the steps of the investigation, we 
give our process as we now use it. 

* We used acetic acid containing 95 per cent C,H,O, and ammonia containing 
= cent NH;, making about 600 grams NH,C.H;0, for one liter of the solu- 

Am. Jour. Vou. XVI, No. 93.—SEpr., 1878, 
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The weighed quantity of the substance in which the tannic 
acid is to be estimated is taken in sufficient quantity to allow 
of, at least, three aliquot parts, each portion of 50 to 100 ce. 
containing ‘100 to 300 grams of tannic acid. After the solu- 
tion, made by digestion with water, is made up to a known 
bulk, three or four portions are measured out and set in a water 
bath to be heated to 50° or 60° C. The standard solution of 
tartar emetic contains 6°730 grams per liter of the C,H,KSbO, 
salt dried at 100° C. 1 c.c. is considered to correspond to ‘010 
gram of tannic acid. Gerland’s formula would require 5-222 
grams per liter for the same value. 

The estimation is facilitated by obtaining a maximum and a 
minimum point at the first reading, as one portion is settling 
while the other is being treated; therefore tartar emetic is 
added from a burette to one portion in excess of the probable 
quantity required, and to another in less amount. ‘The anti- 
mony tannate is then precipitated by the requisite number of 
cubic centimeters of ammonium acetate, and allowed to settle. 
A drop of the clear liquid is added to a drop of sodium hypo- 
sulphite on a hot porcelain plate, and if the tartar emetic has 
been added in excess, the deep orange color of the antimony 
sulphide will at once appear. When this point is reached by 
successive additions of the standard solution to the minimum 
portion, we add to a third portion the estimated quantity, and 
test the clear liquid as a check on the loss occasioned by taking 
out several drops. 

We have found it easier to carry the titration to a decided 
orange tint, and to subtract ‘5 c.c. of tartar emetic solution for 
100 c.c. of liquid, rather than to try to seize the first faint tinge, 
as most of the sybstances to be titrated contain coloring matter 
which give a yellowish or reddish tint, but not an orange color. 

Gerland states that neither gallic acid nor the coloring matter 
contained in certain substances affects the results. This seems 
to be true so far as gallic acid is concerned, but the discussion 
of the relation of the coloring matter to the precipitate, together 
with the results of our titrations and combustions of antimony 
tannate from hemlock bark, oak bark, sweet-fern leaves, etc., 
must be reserved for a future paper. 

Massachusetts Institute of Technology, Woman’s Laboratory, July, 1878. 
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Art. XIX.—On some Seleniocyanates ; on the Electrolytic Estv- 
mation of Mercury; some Specific Gravity Determinations. 
Being Parts VII, VIII and IX of Laboratory Notes from the 
University of Cincinnati; by F. W. Cuarkg, S.B., Professor 
of Chemistry. 


VIL. On some Seleniocyanates. 


In 1855 Buckton discovered and described the double sul- 
phocyanates of platinum.* Of these, the potassium salt is 
perhaps the one best known, partly because of its beauty, and 

artly because of the ease with which it may be prepared. 
Resuatty, my attention having been called to this compound, 
it occurred to me that it might be interesting to prepare the 
corresponding seleniocyanate. Accordingly I assigned the task 
to Mr. W. L. Dudley, a student in the University of Cincinnati, 
who had little difficulty in attaining to success. 

When an alcoholic solution of potassium seleniocyanate is 
added to a similar solution of platinic chloride, a heavy reddish 
brown precipitate is immediately formed. This, upon boiling, 
becomes darker in color, and x gr rad in part dissolves. The 
filtered liquid deposits crystals of the new salt, mixed with a 
reddish sediment of selenium; and these, although they are 


slightly unstable, may be purified by recrystallization from 

alcohol. The crystals are usually very small; mere scales in 

fact; although on one occasion they —— out as regular 
i 


six-sided tables, several millimeters in diameter. By reflected 
light they are nearly black; but by transmitted light, deep 
garnet red. Specific gravity, 3377 at 10°-2, 3:°378 at 12°. 
The weighings were made in benzol. Determinations of plati- 
num and potassium came out as follows: 
Found. Theory. 
Potassium 8°57 8°61 
Platinum 21°64 21°73 


There is, therefore, no reasonable doubt that the new salt is 
represented by the formula K,Pt(CSeN),, and that it is strictly 
analogous to Buckton’s sulphocyanate. 

An attempt to prepare gold salts resembling the sulphocyan- 
ates described by Clevet was only partially successful. hen 
alcoholic solutions of potassium seleniocyanate and neutral gold 
chloride are mixed, a red 9 alls, which consists in 
large part of free selenium. e pale orange-yellow filtrate 
from this precipitate yields by spontaneous evaporation a crys- 
talline crust, which under the microscope is seen to be made 
up chiefly of minute, deep red prisms. These crystals are so 


* Chem. Soc. Quart. Journ., vii, 22. + Jahresbericht, 1865, p. 295. 
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very unstable that we could obtain but a very small quantity 
of them, and in a somewhat impure condition. They yielded 
48°31 per cent of gold, whereas the salt KAu(CSeN),, analo- 
gous to the potassio-aurous sulphocyanate of Cleve, should con- 
tain but 43°94. As the new salt was prepared by a method 
precisely similar to that which gave Cleve his sulphocyanate, 
there can be little doubt that we had to deal with the corres- 
ponding seleniocyanate, mixed with free gold. If we had been 
able to command larger quantities of material, we might have 
been able to prepare the compound ina state more nearly 
approaching purity. 

o seleniocyanate resembling Roesler’s potassium chromo- 
sulphocyanate, K,Cr(CSN),,, 8H,O,* could be obtained. 
When aqueous solutions of chrome alum and potassium selenio- 
cyanate are mixed, selenium is precipitated, and no trace of any 
double salt seems to be formed. 


VIII. On the Electrolytic estimation of Mercury. 


In 1865, Wolcott Gibbs published his well known method 
for the electrolytic estimation of copper.t More recently, 
Merrick has shown that a modification of the same process is 
applicable to nickel and to zine.t 

aving occasion recently to make a number of copper deter- 
minations by this method, it naturally occurréd to me that it 
might be extended still farther, especially to the cases of 
cadmium and mercury. With cadmium I was disappointed ; 
but with mercury, successful. Cadmium may edad be com- 
letely precipitated by electrolysis from an ammoniacal solution, 
pat it comes down in a spongy, porous form, enclosing various 
impurities which cannot be readily washed out. Accordingly 
the results came out several per cent too high. The mercury, 
however, gave results in every respect satisfactory. 

A solution of mercuric chloride, slightly acidulated with 
sulphuric acid, was placed in a platinum dish connected with 
the zinc pole of a six-cell Bunsen’s bichromate battery. The 
wire from the carbon pole terminated in a thin slip of platinum 
foil, which dipped into the solution. At first, mercurous 
chloride was precipitated, but this by degrees was reduced to 
the metallic state, so that after an hour or so there remained in 
the dish a clean mass of mercury, covered by a solution in 
which ammonia failed to produce the slightest turbidity. When 
I poured off this clear acid solution the mercury became cov- 
ered with a thin tarnished film, which at first annoyed me con- 
siderably. I soon found, however, that this annoyance could 
be avoided very easily. I simply drew off the solution from 


* Journ. fiir Prakt. Chem., cii, 316. + This Journ. xxxix, 64. 
¢ American Chemist, October, 1871; Chem. News, xxiv, 100, 172. 
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above the mercury by means of a pipette, and replaced it with 
clean water; doing this several times before disconnecting the 
platinum dish from the battery. Then, upon decanting the 
very feebly acid supernatant liquid, the metal remained per- 
fectly bright and clean. It was only necessary after this to 
rinse thoroughly with pure water, then with alcohol, and lastly 
with ether, and to dry under the receiver of an air-pump. Two 
determinations made with mercuric chloride gave respectively 
73°76 and 73°85 per cent of mercury. Theory 73°80. There 
are no difficulties in the process, and no appreciable sources of 
error. Although I have made actual determinations of mer- 
cury only with the chloride, I have tested other salts of the 
metal and have found that the precipitation is similarly perfect. 
In one instance I employed a solution of mercury containing a 
heavy precipitate of basic sulphate. This precipitate was 
readily and completely decomposed by the electric current, so 
that ultimately nothing but metallic mercury remained visible 
in the solution. In every case, mercurous compounds appear to 
be thrown down first, so that their final disappearance furnishes 
a sharp end reaction to indicate when the operation is complete. 


IX. Some Specific Gravity Determinations. 


The following specific gravity determinations represent work 
done by my students and myself during the school year 1877- 
1878. Those portions of the work which were entrusted to 
students were carried out under my immediate supervision, and 
every precaution was taken to ensure a fair degree of accuracy. 
The salts were all weighed in benzol, and the figures refer to 
water at its temperature of maximum density as unity. 

To Mr. W. H. Creighton and Mr. E. F. Wittmann I assigned 
mercuric cyanide and some of its double compounds. For the 
—_ itself, HgCy,, we found a sp. gr. of 40262 at 12°, 

reighton; 4°0026 at 22:2, Wittmann; and 40086, 14°-2, F. W. 
Clarke.* 

For the oxy-cyanide, HgCy, HgO, Mr. Creighton found 4°437 
at pM and I myself, in two determinations, 4°428 and 4°419 
at 23°-2. 

For the double salt HgCy,HgCl,, Mr. Wittmann obtained 
the values 4531, 21°°7, and 4°514, 26°. 

For the double cyanide of mercury and potassium we 
have, from experiments made by Mr. Creighton, 2:4470, 21°2; 
2°4620, 21°; and 2°4551, 24°. This salt is the well known 
2KCy. HgCy,. 

Mercuric bromide, prepared by Mr. Miles Beamer, gave 
5°7461, 18°, and 5-7298, 16°.+ 

* Bédeker, Jahresbericht 1860, gives for HgCy, the value 3°77, 18°. 
+ Karsten, Schweigg. Journ., v. 65, gives 5°9202. 
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The double bromide of mercury and potassium was also pre- 
pared and examined by Mr. Beamer, both in the hydrated and 
the anhydrous state. For the salt HgBr,, KBr, he found 4°412, 
17°-2; 4-419, 24°5; 4:3996, 20°5. For the hydrated salt, 
HgBr, . KBr. H,0, as a mean of six concordant determinations 
taken between 20° and 24°, he found a sp. gr. of 8867. The 
potassium bromide used in these preparations gave a sp. gr. of 
2°712, 12°°7.* 

Mr. Beamer also redetermined the specific gravity of the 
curious double salt (NH,),Cr,0,.HgCl,.H,O, finding it to 
be 3:329, 21°. 

Mercuric iodide and a couple of double salts were determined 
by Miss Mary E. Owens. For Hgl,, the mean of seven experi- 
ments between 10° and 19°, is 6°231.+ 

For the double iodide, 20KI.HgI,).3H,O, the sp. gr. is 
4289, 23°5; and 4:254, 22°. 

For the iodide of mercury and tetramethylammonium, 
N(CH,),I.HgI,, were found the values 3968, 24°; 3-976, 
28°; 3°971, 24°; 4:003, 23°2. The iodide of tetramethyl- 
ammonium itself, well crystallized, was found by Miss Owens 
to have a sp. gr. of 1°327, 17°; and 1°831, 19°5. 

Cadmium chloride and some of its double compounds were 
examined by Mr. Walter Knight. 

The anhydrous chloride, CdCl,, gave as a mean of three 
determinations the value 3°938, 23° The hydrated salt, 
CdCl, .2H,O, gave a sp. gr. of 3°339, 18°2; 3320, 23°-2; 
3314, 23°°6. 

The double chloride of cadmium and strontium, 2CdCl, . 
SrCl, . 7H,0, in fine crystals; as a mean of three experiments, 
was found to have a sp. gr. of 2°718 at 24°. 

And the barium salt, CdCl, . BaCl, .4H,O, gave the values 
2°952, 24°°5; and 2°966, 25°'2.§ 

Several salts of acids belonging in the xanthic acid series 
were prepared by students under the direction of Professor 
R. B. Warder; and of these, three well crystallized examples 
had their specific gravity determined. 

Potassium methyldisulphocarbonate, K.CH,.COS,, pre- 
pared by Mr. E. P. Bishop, has a sp. gr. of 17002 and 1°6754 
at 15°-2. 

Potassium ethyldisulphocarbonate was determined by Miss 
Helena Stallo and by Dr. J. P. Geppert. Miss Stallo found the 
sp. gr. to be 15564, 18°-2; and 1°5576, 21°5. Dr. Geppert’s 
determination gave 1°558, 21°. 

* Schréder’s mean value for this salt is 2.690. Pogg. Ann., 1859. 
| Hede Ann. d. Chim. et Phys. III, xxi, 1847, gives 6°250. 


Boédeker gives a sp. gr. of 3°6254, 12°. Jahresb., 1860. 
Topsoé, Chem. Centralblatt, iv, 76, found 2:968. 
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Potassium isobutyldisulphocarbonate, also determined by 
Miss Stallo, has a specific gravity of 1:3713, 15°; and 1:3832, 
14°. 

A particularly interesting series of observations was made 
by Miss Stallo upon the formates and acetates of cobalt and 
nickel. I am unable to find any adequate account of these 
salts beyond the mere fact that they form crystalline crusts. 
Even the water of crystallization in them seems hitherto not to 
have been determined. Miss Stallo prepared these compounds 
by dissolving the carbonates of the metals in the respective 
acids, estimated the water contained in them, and determined 
the density. The formates of cobalt and nickel crystallize 
with two molecules, and the acetates with four molecules of 
water. The sp. grs. are as follows: 

Cobalt formate, 2°12986, 22°; 2°1080, 20°°2. 
Nickel 2°1547, 20°°2. 

Cobalt acetate, 1°7081, 15°°7; 1°7048, 18°°7. 
Nickel “ 1°7443, 15°°7; 1°7346, 17°°2. 


Miss Stallo also prepared, with a view to future description, 
the cobalt and nickel salts of monochloracetic and trichloracetic 
acids. These salts are readily crystallizable, and seem likely 
to be interesting. Cobalt valerate, which Mr. J. L. Davis 
attempted to prepare, was obtained by him only as a red, 
gummy mass, of a very unsatisfactory character. 

Another series of experiments having a certain theoretical 
interest, relates to some salts analogous to the sulphovinates. 
The data obtained are as follows: 

Barium methylsulphate, Ba(CH,),(SO,),.2H,O, 2278, 
19°2; and 2:279, 21°-2, determined by Dr. Geppert. 


Barium ethylsulphate, 2°080, 21°°7; 2°0714, 22°°6; Dr. Geppert. 

Barium propylsulphate, 1°839, 20°5; 1°844, 20°°5; Dr. Geppert. 

Barium isobutylsulphate, 1°778, 21°-2; 1°748, 24°°2; Mr. W. H. 
Schuermann. 

Barium amylsulphate; 1°623, 21°-2; 1°632, 22°; Mr. John Whet- 
stone. 


If now, we calculate the molecular volumes of these salts, we 
shall find them separated by approximately equal differences. 
If we assume these differences to really equal, and distribute 
the experimental error among the several salts, we can get the 
following interesting series of theoretical values. 


Methylsulphate, molec. vol. 176, calc. sp. gr. 2°244. 
Ethylsulphate, “ 209, “ 2-024, 
Propylsulphate, “ 242, 1°863. 
Isobutylsulphate, “ = 26, 1°780. 
Amylsulphate, 308, 1°646. 
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These calculated values correspond to a supposed constant 
difference in the molecular volume, of 16°5 for each CH, group; 
a difference which holds in a great many series of compounds. 
This difference may also be made out, within narrow limits of 
approximation, in the series of sulphocarbonates previously 
given. Here, for example, we have, very nearly, 


Methyl salt, molec. vol. 88, cale. sp. gr. 1°658. 
Ethyl “ 1045, cale. sp. gr. 1°531. 


It will be seen that all these calculated specific gravities 
agree closely with those actually found; and that, curiously 
enough, the molecular volumes thus assumed are exact multi- 
ples by whole numbers of Kopp’s well known value for hydro- 
gen, 55. Are these regularities mere coincidences, or do they 
indicate the existence of some general law ? 

I may give, in conclusion, a few determinations of specific 
gravity made by myself. 

Potassium chloroplatinite, PtCl,.2KCl, 38-2909, 21°; and 
33056, 20°°3. 

Telluric acid, crystallized, H,TeO,.2H,O, 2°9999, 25°°5; 
and 2'9649, 26°°5.* 

Telluric acid, H,TeO,, 8-425, 18°8; 3:458, 19°-1; 3°440, 
19°-2. 

Ammonium tellurate, (NH,),TeO,, 3°024, 24°5 ; 3°012, 25°. 

Thallium tellurate. Forthiscompound, hitherto undescribed, 
I can give only a few preliminary facts. By a series of mishaps 
my material became exhausted, so that I was unable to complete 
the investigation of the substances obtained. Metallic thallium 
is not attacked even by a boiling solution of telluric acid. 
When, however, a solution of ammonium tellurate is added to 
one of thallium nitrate, a heavy white precipitate falls, some- 
what resembling silver chloride. This precipitate, dried at 100°, 
has a sp. gr. of 5°687, 22°; and 5°712, 20°. Heated to about 
180° it turns to a pale straw-yellow color, and loses 1°46 per 
cent of water. The specific gravity of this yellow salt is 
6°742, 16°; 6°760, 17°°5. Heated to redness, the thallium 
tellurate fuses, and is reduced to tellurite. This, when hot, is 
almost black ; but solidifies on cooling, to a clear lemon-yellow 

lass) The exact composition of these salts remains to be 
Sitenisaed, and I hope to return to them at some future time. 


* Oppenheim, Jahresbericht, x, 213, gives 2°340. 
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Art. XX.— Notice of recent additions to the Marine Fauna of 
the eastern coast of North America ; by A. E. VERRILL. Brief 
Contributions to Zoology from the Museum of Yale College. No. 
XXXVIIT. 


DvuRING the summer of 1877, extensive explorations were 
made by the U. S. Fish Commission in the U. S. Steamer 
“Speedwell,” Commander Kellogg, in Massachusetts Bay ; in 
the Gulf of Maine; off Nova Scotia; and in the vicinity of Hal- 
ifax. The dredging and trawling were very successful, and a 
large and valuable collection was secured, both of fishes and 
invertebrata, including, in all classes, many European and 
Greenlandic forms not before obtained on the American coast. 
As in previous years the invertebrate collections and the direc- 
tion of the dredging were in charge of the writer, who was 
specially assisted by Mr. E. B. Wilson, while Messrs. G. Brown 

oode and T. H. Bean were in charge of the fishes. Having 
hitherto been unable to publish any account of these explora- 
tions, a few of the more interesting species are noticed below, 
together with others from different sources. 


MoLuvsca. 
Architeuthis megaptera Verrill, sp. nov. 


Much smaller than the — known species, the total 


length of the body and head being but nineteen inches. Body 
relatively short and thick. Caudal fin more than twice as broad 
as long, the length about half that cf the body. Its form is 
nearly rhombic, with the lateral angles produced and rounded, 
and the posterior angle very obtuse, the posterior edge, as pre- 
served, being slightly concave. The ventral anterior edge of 
the mantle is concave centrally, with a slight angle to either 
side, about ‘75 inch from the center; from these angles it is 
again concave to the sides; on the dorsal side the edge advances 
farther forward than beneath, terminating in a slightly prom- 
inent obtuse angle in the middle of the dorsal edge. The eye- 
sockets are large, oblong, and furnished with distinct lid-hke 
margins; the eyes are large, oblong, and naked. The short 
arms are triquetral, the upper ones somewhat shorter and smaller 
than the others, which are nearly equal in length, the second 
pair being stouter than the rest, the a little longer. The ten- 
tacular arms are slender, elongated, expanded toward the tip, 
and have suckers arranged much as in the gigantic species, even 
to the smooth-edged suckers and opposing tubercles, proximal to 
the large suckers, as I have formerly described them in A. 
monachus. The sucker-bearing portion is margined by a mem- 
brane on each side. 
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Larger suckers of sessile arms, very oblique, with the rim 
strong, dark brown, bearing large, strong, sharp, much incurved, 
unequal teeth on the outer side of the rim; the inner margin 
is entire. On the middle or larger suckers of the ventral arms, 
there are seven large teeth, the middle one longest, while to 
either side there is one nearly as large, with a smaller one each 
side of it. 

Total length, 43 inches; length of body and head, 19; length 
of body from dorsal edge of mantle, 14; from ventral edge, 
13; of head from edge of mantle to base of arms, 5; length of 
long tentacular arms, 22 and 24 inches respectively ; of first 
(dorsal) pair of arms, 65; of second pair, 8; of third pair, 8°5; 
of fourth pair, 8; length of caudal fin, 6; breadth, 135; breadth 
across body, 5; circumference of body, 12; length of eye- 
socket, 1°25; its breadth, °75; length of sucker-bearing portion 
of tentacular arms, 6°5; of portion bearing large suckers, 3:25; 
breadth, -75 ; length of terminal portion, 15; diameter of naked 
or peduncular portion, 33 to 50; breadth of dorsal arms at 
base, ‘75; of second pair, 1°12; of third pair, 1; of fourth pair, 
1; diameter of largest tentacular suckers, ‘86 to ‘40; of their 
rims, ‘28 to 82; diameter of largest suckers of ventral arms, 
‘40; of their rims, ‘28 to 82 of an inch. 

Color, reddish brown speckled with darker brown, much as 
in the common small squids. 

This unique specimen was cast ashore, during a severe gale, 
near Cape Sable, N. S., several years ago, and was secured for 
the Provincial Museum at Halifax by J. Matthew Jones, Esq. 
It is preserved entire, in alcohol, and is still in good condition. 


Rossia Hyatti Verrill, sp. nov. 

Body subcylindrical, usually broader posteriorly, in preserved 
specimens, variable in form according to contraction, its dorsal 
surface covered with small, conical, scattered, whitish papille, 
which are also found on the upper and lateral surfaces of the 
head and base of arms; those around the eyes largest; one on 
the mantle, in the median line, near the front edge, is elongated. 
Front border of mantle sinuous, slightly advancing in the mid- 
dle, above. Fins moderately large, nearly semi-circular, attached 
from the posterior end for about four-fifths the whole length, 
the front end having a small, rounded, free lobe. The distance 
from posterior junction of fin to end of body is less than that 
from anterior junction to edge of mantle, the center of the fin 
being at about the middle of the body. Siphon elongated, con- 
ical, with small opening. Head depressed, more than half the 
length of the body. Eyes large, the lower eyelid more prom- 
inent but not much thickened. Sessile arms short, united at 
their bases by a short web, which is absent between the ventral 
arms; the dorsals are shortest; the third pair the longest and 
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largest; the second pair and ventrals about equal in length. 
Suckers numerous, subglobular, not very small; near the base 
of the arms they are biserial, there being usually four to six 
thus arranged in each row; then along the rest of the length 
of the arms they become more crowded and form about four 
rows, those in the two middle rows alternating with those in 
the marginal rows; toward the tip they become very small and 
crowded, especially on the dorsal and ventral arms. The num- 
ber of suckers varies with age, but on one of the larger speci- 
mens they were as follows: on each dorsal arm, sixty ; on one 
of second pair, fifty-five; of third pair, fifty-three; of ventral, 
sixty-five. In this specimen the third arm of the right side and 
ventral arm of left side were abruptly terminated (perhaps acci- 
dentally), while the others were tapered to acute points. Ten- 
tacular arms, in preserved specimens, will extend back to 
posterior end of body, the naked portion smooth, somewhat 
triquetral, with the outer side convex and the angles rounded ; 
terminal portion rather abruptly widening, long ovate-lanceolate, 
curved and gradually tapering to the tip, the sucker-bearing 
portion bordered by a wide membrane on the upper and a nar- 
row one on the lower margin; the suckers are very small, sub- 
globular, crowded in about eight to ten rows in the widest 
portion. 

Color, pinkish, thickly spotted with purplish brown above, 
paler and more sparsely spotted beneath and on outside of long 
arms; inner surface of arms and front edge of mantle pale. 

Length from base of arms to posterior end, 40™™; of body, 
25; of head, 15; breadth of body, 17; of head, 17; length of 
fins, 15; of insertion, 11; breadth of fin, 8; front of fin to edge 
of mantle, 5; length of free portion of dorsal arms, 125; of sec- 
ond pair, 15; of third pair, 18; of ventrals, 138; of tentacular 
arms, 40; breadth of dorsal arms, at base, 3°5; of second pair, 
35; of third pair, 4; of ventrals, 35; of tentacular arms, at 
base, 2; at expanded portion, 35; length of latter, 105; diam- 
eter of largest suckers of sessile arms, 0°9 ; length of free portion 
of siphon, 7™™. 

Massachusetts Bay, in fifty fathoms, mud; off Cape Sable, 
N. &., eighty-eight to ninety-two fathoms, on hard sandy bot- 
tom ; off Halifax, fifty-seven to one hundred fathoms, on com- 
pact sandy mud, in September, with eggs. Frequently asso- 
ciated with Octopus Bairdii V., and the following species. 


Rossia sublevis Verrill, sp. nov. 

Larger and relatively stouter than the preceding species, with 
the fins larger and placed farther pated | the front edge of the 
large free lobe reaching nearly to the edge of the mantle. Head 
large and broad. Sessile arms more slender and less unequal 
in size than in the preceding, and with the suckers arranged in 


210 A. E. Verrili—Marine Fauna of North America. 


two regular rows throughout the whole length. Anterior edge 
of mantle scarcely sinuous, advancing but little dorsally. Upper 
surface of the body and head nearly smooth, but in the larger 
specimens usually with a few very small whitish papille, most 
numerous near the front edge of the mantle. Color nearly as 
in the preceding species. 

One of the largest specimens measures, from base of arms to 
end of body, 46™; length of body, 81; of head, 15; breadth 
of body, 22; of head, 23; length of fins, 20; of their insertion, 
16; breadth of fins, 10; front edge of fin to edge of mantle, 25; 
length of free portion of dorsal] arms, 16; of second pair, 17 ; of 
third pair, 20; of ventrals, 15; of tentacular arms, 25; breadth 
of dorsal arms at base, 8; of second pair, 8; of third, 35; of 
ventrals, 3°5; of tentacular arms, 35; of their terminal portion, 
8°75; its length, 10; diameter of largest suckers of sessile arms, 
8; length of free portion of siphon, 7™”. 

Taken with the preceding species, and is the more common of 
the two, in Massachusetts Bay. The differences may prove to 
be only sexual, but this cannot be determined without a larger 
number of specimens. 


Octopus granulatus Lamarck; D’Orbigny. 


A specimen, believed to belong to this species, and similar 
to those taken at Cape Hatteras, was collected in the spring of 
1877, in Vineyard Sound, Mass., by Mr. Vinal N. Edwards. 


Buceinum tenue Gray; Stimpson, Review of Northern Bucci- 

nums, Can. Naturalist, auth. copy, p. 14. 

Buccinum scalariforme Beck; Dawson; Packard. 

Dredged alive, in considerable numbers, in 1877, off Cape 
Sable, N. S., in 88 to 92 fathoms, on a bottom of fine compact 
sand. The specimens all belong to a small form of the species. 
It had not been found so far south previously. 


Buccinum cyaneum Brug. ; Stimpson, loc. cit., p. 19. 

Buccinum hydrophanum Hancock; Reeve. 

The smaller form of this species was taken with the last, 
living, and in about equal abundance. It has hitherto been 
regarded as eminently arctic. We have recently received 
additional specimens, taken in 200 fathoms, off Sable I., by the 
schooner Lizzie K. Clark. 

Neptunea propingua (Fusus propinguus Alder). 

A number of fine living specimens of this were taken with 
the two preceding species. They have been identified by Mr. 
W. H. Dall, by direct comparison with European specimens, 
with which they agree perfectly. This species can be distin- 
guished at once from the far more common N. Stimpsoni (Morch, 
Sp. 1868, teste Dall = Fusus Islandicus Gould, and F. curtus 

ereys) by its shorter form and hairy epidermis. 
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Triopa lacer Lovén. 

This interesting addition to the North American fauna was 
dredged in 1877, at several localities, in Massachusetts Bay, in 
40 to 50 fathoms; and off Nova Scotia, in 80 to 100 fathoms. 


Scyllea Edwardsii Verrill, sp. nov. 


A large species, the body in extension nearly three inches 
long and half an inch high, with the four dorsal branchiferous 
lobes about equaling in height, or exceeding, the elevation of 
the body. Foot very narrow. Tentacular sheaths stout, 
expanding at the end into a large, flat, rounded lobe, most 

rominent posteriorly ; the small, plicated tentacle projecting 
rom a funnel-shaped orifice in its outer anterior margin. 
Branchiferous lobes expanding into a broad, thin, spatulate, or 
paddle-shaped, terminal portion, narrower and thicker toward 
the base, the margins of the thin portions sinuous; the two 

airs far apart; their inner surfaces covered with small, trans- 
ucent, whitish, arborescently branched gills, which project 
beyond their margins; similar gills are situated along the 
back in front of and behind the posterior pair of lobes, and 
also on the sides of the caudal lobe, which is broad, elongated, 
curved, upward and backward in extension, or concave in out- 
line posteriorly, rounded at summit, and not so high as the 
dorsal lobes. 

Color of living specimen, sent by Mr. Edwards, rich brown- 
ish yellow or orange, irregularly more or less spotted with 
deeper orange-brown blotches, and with opaque white specks, 
blotches and streaks. A band of deep yellowish brown runs 
along each side of the back, interrupted by the dorsal lobes, 
and extending up their outer edges; edges of the dorsal lobes, 
tentacular sheaths, and caudal lobe flake-white, which color 
also borders the brown band. Along each side of the body 
is a row of six or seven small, round, iridescent, purplish 
blue spots, and some smaller ones occur on the middle of the 
back. Anterior surface of tentacular sheath iridescent bluish. 
Along the sides is a row of small white papille, and similar 
ones extend along the white line of the back. Tentacles 
orange, the plications edged with orange-brown, the tips white. 

Taken in the autumn of 1877 by Mr. Vinal N. Edwards, at 
Wood’s Holl, Mass, on eel-grass (Zostera) in the harbor, and 
in Vineyard Sound on floating Sargassum. I am also indebted 
to Mr. Edwards for a colored drawing of this species, made by 
Mr. C. N. Webster, and accompanied by notes describing the 
appearance of the specimen when first captured. The speci- 
men described above was not very active, though in pretty 
good condition, when received. 
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ANTHOZOA. 


Keratoisis ornata Verrill, sp. nov. 

Corallum tall (over two feet high), spreading, arborescertly, 
but distantly and irregularly, branched, the branches spreading, 
often nearly at right angles, elongated, rather slender, gradually 
tapering, giving off, in the same manner, elongated branchlets. 
The branches and branchlets mostly arise from near the proxi- 
mal end of the calcareous joints, but sometimes from the mid- 
dle. The calcareous joints are ivory-white, elongated, round, 
slightly enlarged at the ends, faintly and often indistinctly 
striated longitudinally, appearing smooth to the naked eye, but 
finely granulous under a lens. Chitinous joints golden yellow 
or bronze-color, short, scarcely longer than thick in the larger 
branches, about twice as long as thick in the smaller ones, 
where they become translucent and brownish or amber-color, 
without the metallic luster seen in those of the larger branches. 
The coenenchyma and polyp-cells are mostly absent, but so far 
as can be ascertained from the small patches remaining, the 
coonenchyma is thin, pale yellowish, and filled with rather 
large fusiform spicula; and the polyp-cells are rather distant, 
in the form of somewhat prominent verrucer, strengthened by 
rather large projecting spicula. 

Height of tallest specimen, 26 inches: breadth, 18 inches; 
length of longest undivided branchlets, 12 to 16 inches; diam- 
eter of calcareous joints of main stem (base absent), ‘85 inch 
(9™™) ; of the larger branches, ‘20 inch (5™™); length of the 
calcareous joints in the larger branches, 1°25 to 1:95 inches (30 
to 48"™, but mostly about 40™™); diameter in smaller branch- 
lets, about 06 inch (15™™); length, ‘75 to 125 inches (19 to 
32™m); length of chitinous joints of larger branches, 10 to ‘20 
inch (25 to 5™™). 

Two specimens were taken by Mr. Philip Merchant, of the 
schooner Marion, off Sable Island, N. S., in about 250 fathoms, 
on a trawl line. 

This is a large and beautiful species of a group formerly con- 
sidered chiefly tropical in habitat. The golden or bronzy 
chitinous joints contrast finely with the clear ivory-white 
calcareous joints. The genus was founded by Professor E. 
Perceval Wright, in 1869, for a species taken in deep water, 
off the coast of Portugal. 


Acanella Normani Verrill. 
Mopsea arbuscula Norman, Proc. Royal Soc., p. 210, 1876 (non Johnson, 1862). 
Two fine specimens of this elegant species were obtained by 
Mr. Merchant, with the preceding species. A third specimen 
was brought in by Mr. M. J. Murphy, from Banquereau, in 
the same region. The species was first described by Norman 
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from a specimen collected off the coast of Greenland, in 410 
fathoms, by the Valorous Expedition, in 1875. 

Our specimens are nearly perfect, with the cells and coenen- 
chyma well preserved. — are from seven to eleven inches 
high; and from six to ten broad. They are much branched, 
in the form of a dense bush or small shrub, the branches aris- 
ing mostly in whorls of three or four, from the chitinous joints, 
and spreading nearly at right angles; the secondary branches 
arise in the same way, but the final branchlets mostly arise 
singly, or in pairs. The coenenchyma is very thin, yellow or 
brown, and filled with fusiform spicula, arranged in lines; the 
polyp-cells are scattered, very large and prominent, with the base 
and distal half expanded, somewhat hour-glass shaped, largest 
toward the tips of the branches, and covered with large acute 
spicula, which project as spines beyond the margin. 

The Mopsea arbusculum Johnson, from Madeira, is a closely 
allied species, for which Dr. J. E. Gray, in 1870, constituted 
the genus Acanella. It appears, from the figures, to have more 
slender branchlets, and polyp-cells of a different form. The 
coincidence in the names was, however, entirely accidental. 

Fine specimens of Primnoa reseda and Paragorgia arborea are 
often taken in the same region from which the preceding species 
were obtained, as well as from the depression between St. 
George’s and Le Have Banks, in 200 to 250 fathoms. One of 
the specimens of Paragorgia presented to us is over three feet 
high, and some of Primnoa are nearly as tall. 


Paramuricea borealis Verrill, sp. nov. 

Slender, arborescently much branched, four inches (or more) 
in height. Cells scattered, short cylindrical, or verrucose, 
with a series of small spicula projecting around the edge, sur- 
mounted by eight convergent groups of long, acute spicula. 
Coenenchyma thin, rudely granulous, with irregular rough 
spicula. Color, when dried, brownish gray; axis slender, 
yellowish. 

Grand Banks of Newfoundland, on stone, with Primnoa 
reseda. The only specimen seen was sent to me for examina- 
tion by Professor A. Hyatt, from the Museum of the Boston 
Society of Natural History. It is near P. placomus, but is 
more slender, with longer cells. 


ECHINODERMATA. 


Asterina borealis Verrill, sp. nov. 

Pentagonal, with a thick swollen body and short thick rays. 
Upper surface closely covered with short minute spinules, of 
nearly uniform size, arranged in groups of unequal size. Scat- 
tered over the surface are many papule of rather large size, 
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and dark purplish brown color, when contracted giving a spotted 
plea to the dorsal surface. Madreporic plate small, about 
half way between center and margin. Margin thickened, with 
an upper row of slightly prominent plates spinulated like the 
back ; below, and forming the edge, is a row of nore prominent 
plates, their upper and inner portion spinulated like the back, 
the spinules increasing in length to the outer edge, where they 
are slender, elongated, crowded and divergent. Ventral plates, 
covering the triangular interbrachial area, prominent, with une- 
qual, slender, acute, divergent spinules, those on the distal edge 
longest. Adambulacral plates with two internal acute spines, 
forming a longitudinal row, and four or five others in a trans- 
verse row on each plate. Color, in alcohol, dull yellow or buff, 
with dark brown spots, due to the papule. 

Greater radius, 12™™; lesser, 7™™; elevation at center, 7™™. 

Dredged near Cashe’s Ledge, Gulf of Maine, in 110 fathoms, 
muddy bottom, in 1874, by Dr. A. S. Packard and Mr. Richard 
Rathbun, on the steamer “Bache,” (Coll. U. S. Fish Commis- 
sion). 

Lophaster furcifer Verrill. 

Solaster furcifer Duben and Koren. 

Taken in the Gulf of Maine, north of George’s Banks, in 150 
fathoms, by Dr. Packard and Mr. Caleb Cooke, on the “‘ Bache,” 
in 1872. This species differs so widely from Solaster in the 
structure of the skeleton, and the small development of the 
disk, as to require the establishment of a new genus for this 
type. It is specially distinguished by the highly developed 
skeleton of the under side; differentiated marginal plates; and 
prominently reticulated dorsal plates. 


Pedicellaster typicus Sars. 
This species was dredged in the Gulf of St. Lawrence, in 1872, 
by Mr. J. F. Whiteaves, who sent me specimens for examination. 


Asterias stellionura Perrier. 

This large and remarkable species, previously known only 
from Iceland and Greenland, was dredged by our party, on the 
steamer Speedwell, in 1877, at several localities off Nova Sco- 
tia, in large numbers. It was especially abundant off Cape 
Sable, in eighty-eight to ninety-two fathoms, fine compact sand ; 
and off Halifax in one hundred fathoms, sandy mud, where it 
was associated with Astrogonium granulare, Hippasteria phryg- 
tana, Archaster Parelii, Archaster arcticus, Antedon Sarsi, and 
many other arctic species. 

This species can be distinguished from all others of our coast 


by the five, very long, angular arms, with long slender spines, 
which are surrounded at base by large dense wreaths of crossed 
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pedicellarize. In life these clusters of pedicellariz are supported 
on soft extensible processes, which project beyond the ends of 
the spines of the lower surface, giving it a very peculiar appear- 
ance. Some of the specimens were two feet in diameter. The 
color was usually bright red above, yellowish below; some 
specimens varied to orange-red, and others to purplish or 
brownish red, above. 

Ophiacantha anomala G. O. Sars, Vidensk.-Selsk. Forhandl., 1871. 

A handsome species, having six arms, and of a bright salmon- 
color when living. A single specimen was dredged by us in 
the Gulf of Maine, 140 miles east of Cape Ann, in 112 fathoms, 
sand and gravel, in 1877. 

With this was associated another beautiful salmon-colored 
species (?Amphiura Otteri Ljung.) with five long slender arms. 
Ophioscolex glacialis also occurred at the same locality. Both 
the latter had, however, been taken by our parties in previous 
years. 


Art. XXI.— Positions of the Comet discovered by Mr. Lewis Swift ; 
by C. H. F. Peters. (From a letter to the Editors, dated 
Litchfield Observatory of Hamilton College, Clinton, N. Y., 
July 6, 1878.) 


Or the comet found by Mr. Lewis Swift of Rochester on 
July 6, the following positions were here obtained : 


1878. Ham. Coll. m.t. a@ Comet. 6 Comet. 
m. 8. 8. 
July 7, 12 33 43 17 34 19°87 +16°57' 31°5” 6 comp. 
July 10, 18 5 538 17 17 10°24 + 9 39 32°2 10 *& 


July 19, 10 27 58 16 30 35°35 —12 42 22°5 a‘ * 
July 23, 94212 16 12 4158 —21 18 16°9 :.* 


The approximate parabolic elements herefrom derived are: 


(Epoch) Time of Perihelion passage, July 20°753 Berlin m. t. 
m = 279° 52'-06 
Q == 102 15°72 }M. Eq. 1878°0. 
78 11°41 
log g = 0°14360. 
Motion : direct. 


Much labor would be saved to astronomers, if comet-hunters 
like Mr. Swift, would indicate the position of a new discovery 
with a little more accuracy. For obtaining it with only a few 
minutes’ error, nothing else is needed but a common watch 
in connection with the field of the telescope used as a ring- 
micrometer. 

Am. Jour. Vou. XVI, No. 93.—SzPr., 1878. 
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Art. XXII.—The Waverly Group in Central Ohio; by L. E. 


Hicks, Professor of Natural Sciences in Denison University. 


In this paper I propose to enumerate and describe the strata 
lying between the Huron Shales (Devonian) and the base of 
the Coal Measures, and to consider briefly their stratigraphical 
relations. I shall use names derived from localities in Licking 
and Delaware Counties—not that I wish to add to the already 
profuse nomenclature of this group, but as a matter of neces- 
sity until the application of the names proposed by other geol- 
ogists has been definitely settled. The section contains five 
well defined members, named below in descending order. 


5. Licking Shales 100 to 150 feet thick. 
4, Black Hand Conglomerate and 
Granville Beds 
. Raccoon Shales..........-...- 
. Sunbury Black Slate 
. Sunbury Calciferous Sandrock.. 90 “ 100 


The Licking Shales, No. 5, are well developed in the hills 
bordering Licking River from Newark to Black Hand. They 
lie seventy to eighty feet above the water level, forming the 
middle of the slope of these hills, the base being composed of 
the massive Black Hand Conglomerate and the upper slopes 
and summit of the various strata of the Coal Measures, of 
which the Coal Conglomerate and Massillon Sandstone produce 
the most conspicuous effects in the landscape. At or near the 
top of No. 5 there is usually a stratum of compact, fine-grained, 
drab sandstone, which is quarried to some extent, having a 
thickness of three to ten feet. Below this are friable, earthy, 
gray or olive shales; and at the bottom, comprising about one- 
third of the whole, shaly drab sandstones. These, and the 
compact sandstone at the top, are fossiliferous. Spirifera Car- 
tert, Aviculopecten Winchelli, Allorisma pleuropistha, and other 
characteristic species of the Ohio Subcarboniferous, have been 
obtained from this horizon. 

Wherever the Coal Measures Conglomerate exists it forms 
the upper limit of the Licking shales, which is then well 
defined. In the absence of the Conglomerate the only means 
of determining its extent upward is the position of the com- 
9 sandstone and the presence of Subcarboniferous fossils. 

requently the sandstone Is overlaid by shales differing scarcely 
at all from those below it. The lower limit, however, is per- 
fectly defined by the upper surface of the next stratum, which 
is one of the most distinctive and well-marked of the whole 


group. 
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The Black Hand Conglomerate, No. 4, is seen at its best 
about Hanover, though the Black Hand locality is better 
known, probably because the cliffs at that point are more con- 
spicuous to the railway passenger. Only about kalf its thick- 
ness is seen in these cliffs. At Hanover the bottom layers 
(which, owing to the eastward dip, are buried out of sight at 
Black Hand) come into view and reveal a total thickness of 
eighty-five to ninety feet. It is generally a rather fine pud- 
ding-stone, the pebbles of the size of peas. Occasionally they 
are an inch in diameter, and, in one case, I found a quartzite 
bowlder six inches long and three inches thick imbedded in 
the sandy matrix. In some places beds many feet thick are 
merely coarse sandstone, but the partings are pebbly. The 
prevailing color is light gd or buff; sometimes nearly 
white, again brick-red. This stratum is highly ferruginous, 
but less so than the Coal Conglomerate, the upper layers of 
which are sometimes a siliceous iron ore. It also contains 
more earthy matter and less pure silica than the Coal Conglom- 
erate. ‘These characters, together with the presence of fossil 
nuts (Cardiocarpon, Trigonocarpon, etc.) in the upper, and their 
absence, so far as yet observed, in the lower, might serve to 
distinguish these conglomerates if they were in contact, instead 
of being separated by the Licking Shales. 

No. 4 is evidently a shore deposit, and it exhibits the typi- 
cal structure of a sea-beach better than any other rock with 
which I am familiar. There is, in the first place, the regular 
beach slope of four to ten degrees, which for six miles along 
the Licking River is tolerably constant in direction, viz: N. 
10° to 45° E. Then there are subordinate lines of oblique 
lamination dipping in all directions. These last do not, how- 
ever, interfere with quarrying. The rock splits along the 
beach slope as if that was the dip, and comes out in regular 
blocks of any size desired. In durability it is unsurpassed, 
while it is not destitute of beauty as a building stone. Its 
e value for canal locks, bridge abutments, foundations, etc., 

as long been recognized; and its capabilities for massive and 
elegant superstructures have been shown in the erection of the 
cathedral at Columbus. 

Like almost all Conglomerates, No. 4 thins and disappears, or 
passes into fine sediments when traced far from its typical 
exposures. Black Hand is near the east line of Licking 
County. The Conglomerate appears in full force for seven or 
eight miles, to some distance west of Clay Lick station on the 
Baltimore and Ohio Railroad. Thence through the center of 
the county its horizon is occupied by an entirely different set 
of beds, of which only one, and that thin, bears any resem- 
blance to the rock at Black Hand. These beds are character- 
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istic and important enough to merit a full description and a 
separate name. They are well exposed at Granville, and we 
may for convenience designate them as the Granville beds, 
remembering that they are only a local modification of No. 4, 
or the next highest member of the Waverly group. Follow- 
ing is the section of these beds in descending order : 


No. 4d. Coarse sandstone and conglomerate.... 3 to 18 feet. 
“© 4b, Compact drab sandstone (argillaceous).15 “ 21 “ 
“ 4a, Shaly and shales 60 “ 


The upper member, No. 4d, thickens and grows coarse and 

ebbly eastward, and tapers to a knife-edge westward. Hence 
i was at first disposed to regard it alone as the equivalent of 
the Black Hand conglomerate, and to suppose that the rest of 
the Granville beds dipped under that stratum. But careful 
measurements have shown that the bottom of the Granville 
beds near Newark is nearly the same distance below Coal I. as 
the bottom of the conglomerate at Black Hand; so that, if the 
latter is superimposed upon the former, there must be a sudden 
thickening of the whole series to the extent of eighty or ninety 
feet. The general regularity of the dip renders this highly 
improbable. 

The Fucoid layer, No. 4c, is composed of brown, gray, and 
blue, earthy shales, filled with the remains of Spirophyton 
cauda-gall. At some points these plants are so numerous that 
the whole rock becomes a tangled mass of sea-weeds. It 
weathers black by the oxidation of its manganese. The upper 
half is more friable than the lower, and falls to pieces in being 
removed ; the workmen in some quarries call it ‘ soapstone.” 
The lower half, “nigger-head,” requires blasting, being quite 
compact in the quarry, from which it has to be “stripped” to 
get at the next layer, No. 4b; but it soon falis to pieces under 
the action of the elements and lays bare the rich treasures of 
its molluscan fauna, which the quarrymen call “ bugs” and 
butterflies.” 

This layer is so well defined and persistent that it furnishes a 
reliable means of determining the dip. This has been found to 
be on the average twenty-one feet ten inches per mile, nearly due 
east. Instead of being uniform, however, this general eastward 
slope is broken into small waves, which correspond to the greater 
ones in the Appalachian mountain system, both in direction 
and in having their western slope steeper than the eastern. 

No. 40 isa fine-grained, easily-wrought sandstone, extensively 
quarried at Newark and Granville. The shaly sandstone 
below it also thickens in some places into layers suitable for 
quarrying, but it is not reliable. 
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All the Granville beds are fossiliferous. They have, in fact, 
yielded a richer harvest to the paleontologist than any other 
member of the Waverly. Not less than seventy-five species, 
many of them new to science, have been found in them in a 
tolerable state of preservation; and several more have been 
seen, but only in fragments too imperfect for identification or 
description. In the upper layer, No. 4d, the remains of mol- 
lusks and crinoids have supplied enough calcareous matter to 
convert portions of the rock into an impure limestone. The 
carbonate of lime dissolves out on exposure to the weather, 
leaving a rusty, rotten sandstone full of fossils, but seldom 
furnishing a perfect or entire specimen. In the compact sand- 
stone the fossils are fairly preserved, but generally as “ casts.” 
From the Fucoid layer, however, beautifully perfect shells are 
obtained with both valves entire and in position, the matrix 
crumbling away on exposure. 

The unity of the Granville beds with the Black Hand con- 
glomerate, constituting under local modifications a single mem- 
ber of the series, appears not only in that they occupy the 
same stratigraphical eg but that there is unity and har- 
mony in their topographical effects. Both combine to produce 
the picturesque hilly region extending through the central and 
eastern part of Licking County. These effects are intensified 
at Hanover and Black Hand by the Coal Conglomerate, or, in 
its absence, the Massillon sandstone, in the upper slopes and 
summits of the hills, whose rugged aspect is further heightened 
by mural cliffs and by the presence of hemlock, laurel and 
other species which usually affect a mountainous habitat. 
West of Granville the hilly region terminates somewhat 
abruptly, only a few comparatively gentle swells beyond rising 
and sinking into the general level of the flat, monotonous 
country underlaid by the Raccoon shales. 

This stratum, No. 3, appears in force all along Raccoon Creek 
and its tributaries, and extends westward into Franklin and 
Delaware Counties. An estimate based upon the breadth of 
its outcrop and the dip, as ascertained from the Fucoid layer, 
makes its thickness three hundred feet. It is composed of blue 
and gray shales full of concretionary masses of iron ore, which 
are, however, mere shells filled with marl or sand. Near the 
bottom some layers are massive enough for quarrying. No 
animal remains have been observed in it; but there are abund- 
ant impressions of two species of sea-weeds, one with square 
stem branching at right angles, the other with round stem 
branching in the usual manner. 

The next stratum, No. 2, as much exceeds the last in interest 
as it falls short of it in thickness. It is a black, bituminous 
shale containing shells of Zingula and Discina, and spines, 
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scales and teeth of fishes. But one outcrop of it is known in 
Delaware County, and that was revealed only by a systematic 
search of a day and a half. This discovery, which I made in 
May, is recorded in the July number of this Journal. An 
equally diligent search would, I am confident, result in tracing 
the same stratum much farther north ; and thus the identity of 
one at least of the Waverly beds in southern, central and 
northern Ohio, would be established beyond a peradventure. 

The last member, No. 1, consists of shaly sandstone, com- 
pact sandstone (somewhat calcareous) and at the bottom a few 
feet of alternate shales and siliceous limestones. The calcare- 
ous matter is abundant enough to charge the water percolat- 
ing through the rock and form extensive deposits of travertine 
on the banks of Rattlesnake and Walnut Creeks. The forest 
trees drop their leaves upon the surface of this travertine; 
they are caught in the petrifying mass and leave their models 
exact to the minutest detail. I have collected many beautiful 
specimens of oak, chestnut, maple and beech leaves from this 
locality. 

fe seek which furnishes the materia] for the travertine is 
itself non-fossiliferous, at least as regards the remains of animals. 
It contains two species of sea-weeds distinguished by their posi- 
tion in the stone, one standing vertical, the other lying flat. 
The Portage sandstone of New York has two species which are 
distinguished in the same way. They belong, however, to 
different horizons, the vertical one being found in the upper 
beds only, and thus furnishing a basis of subdivision. In the 
Waverly no difference in their vertical distribution has been 
observed. 

The quarries in the lower Waverly at Sunbury, Delaware 
County, furnish an excellent quality and inexhaustible quantity 
of flagging and building stone. Ripple marks are so abundant 
that thousands of feet of flagging have been sold, every slab of 
which would be a good cabinet specimen. 

Near the junction of No. 1 with the Huron shale is a stratum 
of Calciferous sandrock lying in huge, rough, concretionary 
masses. Below this are blue shales interstratified with thin 
layers of siliceous limestone, the lowest of which rests directly 
upon the surface of the Huron. Here we reach an unmistakable 
Devonian stratum, and our task of enumerating and describing 
the component members of the Waverly group is completed. 

It remains to discuss the stratigraphical relations and names 
of the beds described above, which is by no means the easiest 
part of my undertaking. 

Let us first inquire what is the relation of the several mem- 
bers constituting the Waverly in central Ohio to those in Dr. 
Newberry’s section at Cleveland, which is as follows : 
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The Conglomerate. 
1, Cuyahoga Shale, 150 to 250 feet thick, 
2. Berea Grit, 60 ” 
3. Bedford Shale, 75 ee Waverly Group. 


4, Cleveland Shale, 21 to 60 ” 
Erie Shale (Chemung), 


The Cleveland Shale has been assumed by the Ohio geologists 
to be equivalent to the Waverly Black Slate, which is un- 
doubtedly the same as that at Sunbury (Newberry, Ohio Reports, 
vol. ii, p. 98. Orton, ibid., p. 624). At the time I discovered 
the outcrop at Sunbury I supposed there was no doubt of the 
correctness of this assumption. Now, however, Dr. Newberr 
asserts positively that there is no evidence that they are identi- 
eal. Until further explorations are made north of Delaware 
County, we shall therefore have to be content with hypotheti- 
cal statements respecting the relation of Waverly beds in cen- 
tral and northern Ohio. For instance, if the Sunbury black 
slate is identical with the Cleveland shale, then the Sunbury 
Calciferous sandrock is equivalent to the Erie shale, and the 
three upper members in Licking County are collectively equiv- 
alent to Bedford, Berea and Cuyahoga, though it would not be 
safe to assert distributively that Bedford= Raccoon, Berea= 
Black Hand and Cuyahoga=Licking. Again, if Professor N. 
H. Winchell was correct in pronouncing the Sunbury quarry 
stone Berea grit, then the Cuyahoga shales alone represent all 
the four upper members in central Ohio, and the Chocolate shale 
described by President Orton as constituting the upper part of 
the Huron may be of the same age as the Bedford shales, as they 
were supposed to be by Dr. Newberry. But such conditional 
statements are hardly worth the utterance. In the present state 
of our knowledge the problem of exactly synchronizing any of 
the subdivisions of the Waverly seems to be insoluble. 

A more important problem is that which pertains to the 
general synchronism of the whole group: Is it Carboniferous? 
or Devonian? or partly one and partly the other? 

It is no new thing for the intervening strata between two 
great formations to be the subject of much discussion before 
their true relations are settled ; or, if not settled, at least let alone, 
the advocates of opposite theories either dying off or tacitly 
agreeing to disagree. If the question proves incapable of solu- 
tion there are several ways of dodging it. One mode of doing 
this is to call the disputed strata “beds of passage.” This is 
not, however, eminently satisfying and calming to a logical 
mind. The same may be said of that other expedient of enu- 
merating the members acknowledged to belong to each forma- 
tion, and then placing the bone ef contention in an ambiguous 
position half way between, as is often done with the Oriskany 
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sandstone. Still another plan is to compound the names of 
the underlying and overlying formations, and apply the com- 
88 to the disputed rocks, as in the case of the Cambro- 

ilurian of Great Britain, a term which recalls the long and hot 
Sedgwick-Murchison controversy. After all, though, these 
expedients are in some measure philosophical and reasonable, 
though not strictly logical. Logic is in fact more rigid than 
nature. She demands clean-cut divisions, hard-and-fast lines of 
separation, in the classificatory sciences. But it is a melanchol 
fact for logic-choppers that nature is not rigidly logical. 
Whether in geology, biology, or what you will, the facts and 
objects of nature refuse to yield to the systematist group which 
are, in all cases, sharply defined. Thus room is always left for 
differences of opinion in regard to the propriety of this or that 
being classed here or there. All we ought to demand, there- 
fore, of the systematist, is that he shall not run counter to the 
plain and emphatic deliverances of nature herself; and where 
the evidences are nicely balanced we may well concede to him 
some degree of arbitrary power in the construction of his 
groups. The convenience of having some classification may 
make it expedient to accept his work, though, at certain points, 
logical considerations have driven him to draw sharper lines 
than exist in nature. If we approach this problem bearing 
these considerations in mind, we shall be more likely to view 
it broadly and judicially. 

The Waverly was long regarded as Devonian. When the 
present Geological Survey of Ohio was organized, one of the 
first announcements made by its chief, Dr. Newberry, was that 
the Waverly was Carboniferous. This decision covered only 
what we may conveniently call the Cuyahoga sub-group, i. e., 
Cuyahoga shales, Berea grit, Bedford shales, and Cleveland 
shales. That part of the Waverly which is probably equiva- 
lent to the Erie shales would still fall to the Devonian if Erie 
is Devonian; and that was tacitly admitted by the chief geolo- 
gist, though he now claims that he placed it there out of defer- 
ence to the prevalent classification, all the while believing that 
the true boundary of the Carboniferous was at the base of the 
Erie in Ohio and of the Portage sandstone in New York. His 
statements in the first volume of the Ohio Reports, p. 166, and 
vol. ii, ’ 82, justify this claim and exonerate him from the 
charge of reversing his own decision in affirming, as he now 


does, that the whole of the Waverly, the Erie, the Portage, the 
Chemung and the Catskill are Carboniferous. 

While it may be true that this is no real change, though it 
is an apparent one, in Dr. Newberry’s opinions, it is certainly a 
great and radical change in the classification of American rocks, 
and the reasons for it merit our closest scrutiny. These alleged 
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reasons are: lst. A physical break at the close of the Hamilton, 
the previous movement of elevation being then reversed and a 
new cycle of deposition begun which culminated in the deposi- 
tion of the Subcarboniferous Limestone. 2d. “ A change of 
fauna: the fossils of the Chemung and Upper Portage, that is 
Erie, show great development of the Productus family, and 


other fossils of Carboniferous type.”* 


A physical break of some magnitude and a marked change 
of fauna are certainly the two things, and the only two, upon 
which to base the boundaries of formations. But the break 
here appealed to is only one of a number of such changes, and 
of no greater magnitude than some others in the same series. 
For instance, at the close of the Chemung a large area in central 
and western New York was raised above the sea-level, not 
again to be submerged, thus checking and reversing the subsi- 
dence which began with the Portage. Dana states the nature 
of the transition from the closing period of the Devonian to the 
opening of the Carboniferous as follows: “The former was a 
period in which the grand Appalachian subsidence (as in other 
ee of the Devonian) reached north into the State of New 

ork, while in the latter it hardly passed the limits of Penn- 
sylvania. The former was characterized by dry land, over a 
large portion of the great Interior Continental basin; the latter, 
by a wide-spread and clear, though not deep, sea, growing 
Crinoids and forming limestones.” (Manual of Geology, p. 
281.) In this passage a contrast of physical conditions is indi- 
cated which is certainly equal, if not superior in importance, to 
the physical break at the close of the Hamilton period. 

As regards the change of fauna it was not general enough to 
be of commanding importance. The Carboniferous aspect of 
Chemung fossils is confined to those from western New York 
and Pennsylvania. Those from the eastern part of both these 
States are strongly Devonian in their prevailing types. Still 
higher than the Chemung is the Old Red Sandstone containing 
both a fauna and flora which have respectable claims to be 
regarded as Devonian. 

I freely admit that there is no hard-and-fast line of separation 
between the Carboniferous and Devonian. Fix the boundary 
where you will, there will be room for caviling and dissent. 
The English geologists have even proposed to wipe out the 
Devonian as an independent formation, giving its components 
to the Carboniferous and Silurian. It is to be hoped that will 
never be done, for it would open the door to endless contro- 
versies respecting the new boundary. When we remember 
that all classification must be somewhat arbitrary; that the 
logical rhythm of any system often demands the accentuation of 


* From a letter to the writer. 
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certain distinctions, so that their apparent value in the scheme 
exceeds their absolute value in nature; that names and groups 
are, in some degree, matters of usage, of comity, and of con- 
venience, we may well pause before we precipitate the incon- 
veniences of unsettling a long established and generally received 
classification, especially if our substitute only accentuates 
another set of distinctions of no greater absolute value than 
the former. Unless there is a decided preponderance of evi- 
dence in favor of the new, the old is entitled to prevail by right 
of priority and possession. 

Professor Lesley’s identification of the Bedford shale with 
the Old Red Sandstone, and Cleveland shale with Oil Sands 
and Chemung, thus dividing the Cuyahoga group in the middle 
and giving its two lower members to the Devonian, seems to 
me to lack sufficient grounds to justify it. In his note on the 
“Comparative Geology of Northern Ohio, Northwestern Penn- 
sylvania, and Western New York” (2d Geological Survey of 
Pa., 1874, i,) where this opinion is announced, no distinct line 
of argument in its behalf is indicated. The local red color of 
the Bedford is of such small significance that I cannot believe 
that had any weight in the mind of so experienced a geologist. 
The Cuyahoga, Berea, Bedford and Cleveland, including the 
few feet of limestone under the latter, constitute a compact and 
natural group, holding substantially the same fauna throughout. 


I hope to show this more in detail in a subsequent paper on the 
vertical distribution of the fossils of this group. Then again, the 
fossils of the Cleveland shale, at the bottom of the series, are of 
decidedly Carboniferous types. These facts constitute a suffi- 
cient reason for retaining the Cuyahoga sub-group in the Carbon- 
iferous, whatever may be done with the rest of the Waverly. 


Art. XXIIL—On some Primordial Fossils from Southeastern 
Newfoundland ; by J. F. WuiTeaves, Paleontologist to the 
Geological Survey of Canada. 


Durine the summer of 1874, Mr. T. C. Weston, of the Cana- 
dian Geological corps, spent a few days in collecting Primordial 
fossils from the shores and neighborhood of St. Mary’s, Trinity 
and Conception Bays, Newfoundland, on behalf of Mr. A. 
Murray, Director of the Geological Survey of that Island. 
Most of the specimens obtained have been described and figured 
by Mr. Billings in the first part of the second volume of his 
“Paleozoic Fossils” of Canada, but a few remain of which no 
account has yet been published and which appear to be of 
sufficient interest to deserve a short notice. 
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The majority are from the banks of Manuel’s Brook, a small 
stream which is not indicated in most maps of the island, but 
which runs into Conception Bay, on its eastern side, not far 
from Topsail Head. In Mr. Murray’s Report of the Geological 
Survey of Newfoundland for 1868, the following paragraphs 
occur. “On Manuel’s Brook a very coarse conglomerate may 
be seen, in strong and moderately regular beds, resting directly 
upon the syenitic gneiss of the valley above, dipping to the 
north at an angle of 15°, and forming a picturesque fall about 
one hundred and fifty yards below the bridge on the Bay 
Road.” (p. 28.) ‘“ About four hundred yards below the bridge 
the conglomerate is overlaid conformably by a set of dark brown 
or blackish shales, with a very fine lamination coinciding with 
the bedding, which, with some hard calcareous beds interstrat- 
ified, hold the banks of the brook until within a short distance 
of its exit into the Bay.” (p. 24.) In the same report the thick- 
ness of these conglomerates is estimated at fifty feet and that of 
the shales at two hundred and fifty. (p. 27.) Sir W. E. Logan, 
in 1866, expressed the opinion that the slates of St. John, New- 
foundland, probably belong to the same horizon as the Acadian 
or St. John’s Group of St. John, N. B., and although little or no 
paleontological evidence of a satisfactory character had been 
obtained on the point, it has been supposed by Mr. Murray and 
others, that the shales of Manuel’s River are of similar age. 
The correctness of the latter view is however fully borne out 
by the fossils collected by Mr. Weston, which are as follows. 

1. Agnostus Acadicus Hartt. Not unfrequent, but usually a 
little larger than the types from St. John, N. B. 

2. Agnostus (sp. undt.). A single head, apparently distinct 
from the preceding and perhaps new. 

8. Microdiscus punctatus Salter. Abundant. This interest- 
ing species, which was originally described from the Lower 
Lingula Flags of South Wales, and which Mr. Salter thought 
might be “the fry of some larger trilobite,” was first detected 
in the Primordial slates of St. John, N. B., by the late Mr. E. 
Billings. It has since been observed in rocks of the same age 
on the Kennebecasis River, N. B., where it was collected by 
Mr. G. F. Matthew. J/. punctatus is said to have an “ enormous 
nuchal spine,” but, judging by Mr. Salter’s figures, there is no 
spinous process on either of the postero-lateral angles of the 
head ; the number of rings on the axis of the tail also is stated 
to be seven, 

4. Microdiscus Dawsoni Hartt. One perfect and well pre- 
served head. Very similar in sculpture to the preceding. The 
two forms occur together in the same pieces of rock from New- 
foundland and New Brunswick and are very likely only differ- 
ent states of preservation of the same species. According to 
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Mr. Hartt the posterior angles of the cephalic shield of ¥. 
Dawsont bear “backward projecting spines,” the glabella is 
described as “conical and pointed behind” but not spinous, 
and the middle lobe or axis of the tail as divided into six seg- 
ments. The figure of the head of this trilobite, in the “ Acadian 
Geology,” is defective and does not show the lateral spines. 

5. Conocephalites tener Hartt. Two heads of this easily recog- 
nized and well characterized form. 

6. Conocephalites Baileyi Hartt. A single head, with an un- 
usually small glabella. 

7. Conocephalites Orestes? Hartt. Abundant, but badly pre- 
served and hence the doubt as to the correct identification of 
the species. The facial sutures of Nos. 5,6 and 7 being un- 
known their generic position is of course uncertain. 

8. Parudoxides (sp. undt.). Fragments only. 

Nos. 1, 3, 4, 5, 6 and possibly 7 are common to the Primordial 
slates of St. John, N. B., and to the shales of Manuel’s Brook. 


The shales of Kelly’s Island, in Conception Bay, hold quan- 
tities of a small Lingula which appears to be undescribed and 
which may be briefly characterized thus: 

Lingula Billingsiana, n. sp. Shell small, very slightly con- 
vex, compressed at the sides: outline elliptic ovate, narrowest 
behind; length nearly twice the width: margin of the valves 
widening convexly and gradually from the beaks to the center, 
or a little beyond it: front narrowly and evenly rounded. 
Surface marked by fine concentric striations and faint radiating 
lines. Internal markings unknown. Length, about two lines 
and a half: width one line and a half. 

This little shell, which may be the young of some larger spe- 
cies, is somewhat similar in shape and size to the Lingula minima 
of Sowerby, from the Upper Ludlow rocks of Great Britain. 
The two shells, however, ane to very different geological 
horizons, and besides this, LZ. Billingsiana is much narrower 
posteriorly than Z. minima and not nearly so square in front. 

From Mr. Murray’s report already quoted it would appear 
that the shales of Kelly’s Island are not quite so old as those 
of Manuel’s Brook, but that they are older than the Menevian 
sandstones of Great Bell Island. 
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Art. XXIV.—The Solar Eclipse of July 29th, 1878; by 
Professor HENRY DRAPER, M.D. 


As I have recently been giving attention to the subject of 
solar spectroscopy in consequence of my discovery of oxygen in 
the sun, it seemed to be desirable to take advantage of the total 
eclipse of July 29th, to gain as precise an idea as possible of the 
nature of the corona, because the study of that envelope has 
been regarded as impossible at other times. The main point to 
ascertain was whether the corona was an incandescent gas shin- 
ing by its own light, or whether it shone by reflected sunlight. 

For this purpose I organized an expedition, and was fortun- 
ate enough to secure the codperation of my friends Professors 
Barker and Morton and Mr. Edison. The scheme of operations 
was as follows: 1st, the photographic and photo-spectroscopic 
work as well as the eye slitless spectroscope were to be in 
charge of my wife and myself; 2d, the analyzing slit spectro- 
scope was in charge of Professor Barker, with the especial 
object of ascertaining the presence of bright lines or else ot dark 
Fraunhofer lines in the corona; 3d, the polariscopic examina- 
tions were confided to Professor Morton, who was also to spend 
a few moments in looking for bright or dark lines with a hand 
spectroscope ; 4th, Mr. Edison carried with him one of his newly 
invented tasimeters with the batteries, resistance coils, Thom- 
son’s galvanometer, etc., required to determine whether the 
heat of the corona could be measured. 

This entire programme was successfully carried out and good 
fortune attended us in every particular. The results obtained 
were: Ist, the spectrum of the corona was photographed and 
shown to be of the same character as that of the sun and not 
due to a special incandescent gas; 2d, a fine photograph of the 
corona was obtained, extending, in some parts, to a height of 
more than twenty minutes of arc, that is, more than 500,000 
miles; 8d, the Fraunhofer dark lines were observed by both 
Professors Barker and Morton in the corona; 4th, the polariza- 
tion was shown by Professor Morton to be such as would 
answer to reflected solar light; 5th, Mr. Edison found that the 
heat of the corona was sufficient to send the index beam of 
light entirely off the scale of the galvanometer. Some negative 
results were also reached, the principal one being that the 
1474K, or so-called corona line, was either very faint or else 
not present at all in the upper part of the corona, because it 
could not be observed with a slitless spectroscope and the slit 
spectroscope only showed it close to the sun. 

The general conclusion that follows from these results, is, 
that on this occasion we have ascertained the true nature of the 
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corona, viz: it shines by light reflected from the sun by a cloud 
of meteors surrounding that luminary, and that on former 
occasions it has been infiltrated with materials thrown up from 
the chromosphere, notably with the 1474 matter and hydrogen. 
As the chromosphere is now quiescent this infiltration has taken 
place to a scarcely perceptible degree recently. This explan- 
ation of the nature of the corona reconciles itself so well with 
many facts that have been difficult to explain, such as the low 
pressure at the surface of the sun, that it gains thereby addi- 
tional strength. 

The station occupied by my temporary observatory was 
Rawlins (latitude 41° 48’ 50”, longitude 2 0™ 44s W. of 
Washington, height 6732 feet above the sea) on the line of the 
Union Pacific railroad, because, while it was near the central 
line of totality, it had also the advantages of being supplied 
with water from the granite of Cherokee Mountain and of 
having a repair shop where mechanical work could be done. 
I knew by former experience that the air there was dry and 
apt to be cloudless; in this particular our anticipations were 
more than fulfilled by the event, for the day of totality was 
almost without a cloud and the dew-point was more than 34° F, 
below the temperature. 

The instruments we took with us were as follows and weighed 
altogether almost a ton. lst. An equatorial mounting with 
spring governor driving clock, loaned by Professor Pickering, 
Director of Harvard Observatory. 2d. A telescope of five and 
a quarter inches aperture and seventy-eight inches focal length, 
furnished with a lens specially corrected for photography, by 
Alvan Clark & Sons. 8d. A quadruple achromatic objective 
of six inches aperture and twenty-one inches focal length, 
loaned by Messrs. E. and H. T. Anthony, of New York; to 
this lens was attached a Rutherfurd diffraction grating nearly 
two inches square, ruled on speculum metal. The arrange- 
ment, with its plate holders, etc., will be designated as a photo- 
telespectroscope. 4th. A four-inch achromatic telescope with 
Merz direct vision spectroscope, brought by Professor Barker, 
from the collection of the University of Pennsylvania. 5th. A 
four-inch achromatic telescope, also brought by Professor Bar- 
ker; to it was attached Edison’s tasimeter. Besides these there 
were polariscopes, a grating spectroscope, an eye slitless 
— with two-inch telescope, and, finally, a full set of 
chemicals for Anthony’s lightning collodion process, which in my 


<_ is fully three times quicker than any other process. 
he arrangement of the photo-telespectroscope requires far- 
ther description, for success in the work it was intended to do, 
viz., photographing the diffraction spectrum of the corona, was 
difficult and in the opinion of many of my friends impossible. 
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In order to have every chance of success it is necessary to pro- 
cure a lens of large aperture and the shortest attainable focal 
length, and to have a grating of the largest size adjusted in 
such a way as to utilize the beam of light to the best advan- 
tage. Moreover, the apparatus must be mounted equatorially 
and driven by clockwork so that the exposure may last the 
whole time of totality and the photographic work mus: be 
done by the most sensitive wet process. After some experi- 
ments p Reece the summer of 1877 and the spring of 1878, the 
following form was adopted. 

The lens being of six inches aperture and twenty-one inches 
focal length, gave an image of the sun less than one-quarter of 
an inch in diameter and of extreme brilliancy. Before the 
beam of light from the lens reached a focus it was intercepted 
by the Rutherfurd grating set at an angle of sixty degrees. 
This threw the beam on one side and produced there three 
images—a central one of the Sun and on either side of it a 
spectrum; these were received on three separate sensitive 
plates. One of these spectra was dispersed twice as much as 
the other, that is, gave a photograph twice as long. This last 
photograph was actually about two inches long in the actinic 
region. If, now, the light of the corona was from incandescent 
gas giving bright lines which lay in the actinic region of the 
spectrum [ should have procured ring-shaped images, one ring 
for each bright line. On the other hand, if the light of the 
corona arose from incandescent solid or liquid bodies or was 
reflected light from the Sun I was certain to obtain a Jong band 
in my photograph answering to the actinic region of the spec- 
trum. If the light was partly from gas and partly from re- 
flected sunlight a result partly of rings and partly a band 
would have appeared. 

Immediately after the totality was over and on developing 
the photographs, I found that the spectrum photographs were 
continuous bands without the least trace of a ring. I was not 
surprised at this result because during the totality I had the 
opportunity of studying the corona through a telescope 
arranged in substantially the same way as the photo-telespec- 
troscope and saw no sign of a ring. 

The plain photograph of the corona taken with my large 
equatorial on this occasion shows that the corona is not 
arranged centrally with regard to the sun. The great mass of 
the matter lies in the plane of the ecliptic but not equall 
distributed. To the eye it extended about a degree and a half 
from the sun toward the west while it was scarcely a degree in 
length toward the east. The mass of meteors, if such be the 
construction of the corona, is therefore probably arranged in 
an elliptical form round the sun. 
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For the fortunate results of this expedition we are not a 
little indebted to the railroad and express companies. The 
Pennsylvania, the Chicago and Northwestern and the Union 
Pacific railroads, the Pullman Palace Car Company, and the 
American and Union Pacific Express Companies made the 
most liberal arrangements, and Mr. Galbraith, the Superinten- 
dent of the Repair Works at Rawlins, gave us the free use of 
his private house and grounds. Of the citizens of Rawlins it is 
only necessary to say that we never even put the lock on the 
door of the Observatory, and not a thing was disturbed or mis- 
placed during our ten days of residence, though we had many 
visitors. They sent us away with a serenade. 


ArT. XXV.—Discovery of an Intra-Mercurial Planet ; by 
JAMES C, WATSON. 


AT the recent total eclipse of the sun I was occupied exclu- 
sively in a search for any intra-Mercurial planet which might 
be visible. For this purpose I employed an excellent four- 
inch refractor, by Alvan Clark & Sons, mounted equatorially, 
with a magnifying power of forty-five. There were no circles 
originally attached to the instrument and, accordingly, I placed 


on it circles of hard wood, the declination circle being five 
inches and the hour circle four and three-quarter inches in 
diameter. On these I pasted circles of card-board, and pointers 
were provided so that I could mark with a sharp pencil the 
position corresponding to any particular pointing of the instru- 
ment. This method does not compare in accuracy with grad- 
uated circles and verniers, but it has the advantage, and a very 
important one in the present case, of avoiding the uncertainty 
which might be attributed to erroneous readings of the circles. 
To read the divided circles would require considerable time, 
while the pointings can be marked on the paper discs in a few 
moments. And besides, while a doubt might be raised as to 
the correctness of the recorded circle readings, no such doubt 
can exist in reference to the positions marked on these paper 
circles. The chronometer times corresponding to each pointing 
were recorded, and the designation of the object observed was 
also marked on the paper discs, so that there is no difficulty in 
identifying the several marks. 

Before the commencement of the eclipse, the inclination of 
the polar axis of the instrument was adjusted and it was 
brought into the meridian as nearly as possible. The error 
therefore arising from the imperfect adjustment of the equato- 
rial mounting will be small. A few minutes before the totality 
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of the eclipse I swept over the regions east and west of the sun, 
from eight degrees to fifteen degrees distant, but no stars were 
seen. Immediately after the commencement of totality I began 
sweeps east and west extending about eight degrees from the 
sun. I had previously committed to memory the relative 
places of stars near the sun down to the seventh magnitude, 
and the chart of the region was placed conveniently in front of 
me for ready reference whenever required. The first sweep 
began with the sun in the middle of the field, and extended 
eastward about eight degrees and back, and I saw 6 Cancri and 
smaller stars marked on the chart. The next sweep was one field 
farther south, and eastward and back as before. Then placing 
the sun in the field I commenced a corresponding sweep to the 
westward. Between the sun and @Cancri and south of the middle 
of the field, I came across a star, estimated at the time to be of 
the four and a half magnitude, which shone with a ruddy light 
and certainly had a larger disc than the spurious disc of a star. 
The focus of the eye-piece had been carefully adjusted before- 
hand and securely clamped, and the definition was excellent. 
I proceeded, therefore, to mark its position on the paper circles, 
and to record the time of observation. It was designated by a. 
The place of the sun had been recorded a few minutes previ- 
ously and marked 8, Placing my eye again at the telescope 
I assured myself that it had not been disturbed, and proceeded 
with the search. I noticed particularly that the object in ques- 
tion did not present any elongation such as would be probable 
were it a comet in that position. In the next and final sweep 
I brought into the field what I supposed to be ¢ Cancri, although 
it appeared very much brighter than what I expected from the 
appearance of d Cancri which I had seen in the first sweep. 
I proceeded to record its position on the circles with the desig- 
nation 6. Before this was completed the total eclipse was over, 
and I ran across to where Professor Newcomb was observing 
in hopes of being able to point his larger instrument upon the 
star a before the light became too bright. I found, however, 
that he had a suspicious star in the field, and was then engaged 
in making the circle readings, so that his telescope could not be 
disturbed. I then went back to my own telescope, but the 
sunlight was already too intense to enable me to see the star 
last in the field. I did not therefore determine whether the 
instrument had been disturbed by a gust of wind from the 
west which came just before the sun reappeared. The tele- 
scope was clamped pretty tight in declination but it had a 
freer motion in right ascension. It was placed in the lee of a 
sand ledge and it was, hence, quite well protected from the 
wind. Sections of snow fence belonging to the railroad had 
Am. JouR. Vou. XVI, No. 93.—Sepr., 1878. 
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also been placed along this ledge as a more complete protection 
in case of very strong winds. 

Upon reading the circles and reducing the observations, it 
is rendered probable that the telescope was disturbed in this 
instance; but I give the observations as they were made com- 
plete, in order that they may be made available in any future 
discussion. The places of the sun were again recorded and 
verified, and thus the position of the star a (which I believe to 
be an intra-Mercurial planet) can be determined relatively to 
the sun. The linear distances on the paper discs were roughly 
measured immediately after the observations, and the result 
was to show that the object which I had designated by a on the 
circles is not a known star. Since my return to Ann Arbor, 
I have placed the paper discs on the axis of a graduated circle, 
and setting them by means of a pointer, I have read off the 
positions. They are shown by the following table, in which 
the readings given are the mean of five readings on each mark: 

Chronometer Time. Object observed. Circle readings. 
4" 39™ 50° Sun 
4 48 56 Planet (a) 
5 & Cancri 
t 10 Sun 
5 50 Sun 
The three comparisons of (a) with the sun give 
Planet — ©. 
Aa, 
— 
— 8 28°8 
— 7 596 
The mean is 
21°. 
The difference in declination measured on the circle is 
46 = —0° 22’, 
The place of the sun for the instant of observation is 
a = 8" 35" 56°, 5 = +18° 38/4, 


and hence we derive 


Planet’s apparent 
a é. 


Washington Mean Time. ; 
1878, July 29, 5" 16™ 375, 35%. +18° 16’, 

It was not possible in the brief period of totality to change 
the eye-piece in order to observe the object under a high power. 
I can only state in addition to the above, that the appearance 
of the object arrested my attention even before I moved the 
telescope to the known star farther to the eastward. It was 
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very much larger than this star, which was 6 Cancri, and its 
light was quite red. The appearance of the disc was such as 
to lead me to believe that it was situated beyond the sun. 

I have not had an opportunity to make any calculations suf- 
ficient to determine whether the place observed can be recon- 
ciled with the reported observations of spots supposed to have 
been planets in transit across the sun. This I will do hereafter. 

The star marked (3), and supposed to be ¢ Cancri, was 0° 35’ 
south from the sun, as determined from the place marked on 
the paper circle. If the telescope was disturbed by the wind 
before the pointing was marked, the disturbance would prob- 
ably be wholly in right ascension, since the motion in declina- 
tion was pretty nearly clamped. In regard to the star (a), 
which I consider to be the planet sought, there is no uncertainty 
whatever, beyond the unavoidable errors of the record as made. 
I consider the place given to be trustworthy within 5’ of are. 
It is to be hoped that persons who have made suitable photo- 
graphs during the totality will examine the plates carefully in 
the region indicated. It is possible that the planet’ may appear 
upon some of them. 

My station for observation was at Separation, Wyoming Ter- 
ritory, on the Union Pacific Railroad. It is near the summit 
of the Rocky Mountains, in a circular walled plain of several 
miles diameter, at an elevation of about 7,200 feet above the 
level of the sea. It is proper to add further, that the major 
part of the expenses of my — were defrayed by the 
U.S. Naval Observatory from the appropriation made by Con- 


gress for the observation of the eclipse. 
Ann Arbor, August 13, 1878. 


Art. XXVI.—New Pterodactyl from the Jurassic of the Rocky 
Mountains ; by Professor O. C. Marsu. 


THE Pterosaurian remains hitherto discovered in this coun- , 
try are all from the Cretaceous, and most of them belonged to 
animals of gigantic size. So far as known, they were all desti- 
tute of teeth, and hence belong to the order Pleranodontia. A 
characteristic specimen recently found in the Upper Jurassic of 
Wyoming, and now in the Yale College Museum, is the first 
indication of this group of reptiles from this formation in 
America. The specimen, which is in good preservation, is the 
distal portion of the right wing metacarpal, and indicates a 
small pterodactyl having a spread of wings of four or five feet. 
The shaft of this bone at its upper portion is oval in transverse 
section, but near the condyle it is sub-trihedral, with a distinct 
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ridge on the under surface. The shaft is hollow, and the walls 
are thin and smooth. The outer condyle is placed obliquely, 
as in the Cretaceous species, and the lower groove between the 
two condyles is unusually narrow. The inner condyle is nearly 
circular in vertical outline, and its articular portion extends 
over about three hundred degrees. 

The principal dimensions of this specimen are as follows: 


Length of portion preserved 
Transverse diameter of shaft where broken -...... 4°5 
Antero-posterior diameter 3°5 
Transverse diameter of shaft immediately below 
Antero-posterior diameter, 4° 
Greatest transverse diameter across condyles ---.. 75 
Vertical diameter of inner condyle, 
Antero-posterior extent of outer condyle -........ 75 


This interesting specimen was discovered in the Atlanto- 
saurus Beds of Wyoming, by Mr. 8. W. Williston. Its generic 
relations cannot at present be determined, but the species repre- 
sented may be named Pterodactylus montanus. 

Yale College, New Haven, August 17th, 1878. 
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1. Descriptive Geology ; by Haeve and §, F. Emmons; 
Vol. II of Geological Reports of United States Geological Explo- 
ration of the 40th Parallel, CLARENCE Kine, Geologist-in-Charge. 
890 pp. 4to, illustrated by 26 plates. Washington, 1877. Sub- 
mitted to the Chief of Engineers and published by order of the 
Secretary of War under Authority of Congress.—The publication 
of this Report was announced in the last volume of this Journal, 
and at the same time it was stated that a review of its chief re- 
sults was expected for another number. The expected article has 
not been received ; and as the volume is of special importance in 
connection with American Geology, a notice is here given without 
further delay. 

The region explored is a very extended one, it reaching from 
the eastern Colorado range to the Sierra Nevada, with a width of 
about a hundred miles along the 40th parallel. The authors state 
that the seven years engaged in the work, from 1867 to 1873, was 
sufficient to make only a geological reconnaissance, rather than a 
finished systematic survey. Still, the account of the region is 
remarkably complete for a reconnaissance of such an area; and 
the whole is presented so clearly and systematically, both as 
regards the physical aspect, topography and geology, the general 
features and details, that the volume will be found a most accept- 
able one by the general public as well as the geologist. The 
descriptions commence with the eastern portion of the area, and 
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are given in five chapters corresponding to the five maps of the 
Atlas illustrating the region. 

The first chapter treats of the Colorado range, its mountains, 
plains and rocks, the Laramie Plains, Medicine Bow Range, the 
North Park and Park Range, the Bridger’s Pass Region, the 
Elkhead Mountains and the valleys of the Yampa and Little 
Snake Rivers; the second chapter, of the Green River Basin; 
the third, of the Utah Basin ; the fourth of the Nevada Plateau; 
and the fifth, of the Nevada Basin. The facts cited relate mainly 
to the rocks. 

The Laramie Hills described by Mr. Hague in the first chapter, 
include the part of the eastern Colorado range mostly within the 
limits of the 41st and 42d parallels, The altitude of the peaks is 
generally between 7,800 and 8,300 feet, one of the peaks reaching 
probably a height of 9,000 feet. This part of the range is an anti- 
clinal, having an axis of — and granitoid rocks of Archean 
age, on either side of which lie unconformably sandstones and 
limestones of the Paleozoic, which dip away from the range at an 
angle of four to ten degrees. The Archean rocks are coarse gran- 
ites (consisting of quartz, orthoclase, some mica and usually a tri- 
clinic feldspar), passing above into a series of distinctly bedded 
“reddish granitoid rocks composed of quartz and feldspar,” and 
becoming to the north and south decidedly schistose, being well- 
defined gneisses and schists. The rock disintegrates rapidly, as is 
well seen along railroad cuts, made within a few years. In two 
analyses of the granite less than one per cent of lime was obtained, 
and in another 1°40 per cent, showing, as Mr. Hague remarks, that 
the triclinic feldspar must be either albite or oligoclase. The 
mica is biotite, but with some lepidomelane. Iron Mountain is a 
mass of ilmenite or titanic iron, East of Iron Mountain there isa 
labradorite granitoid rock, with cleavable labradorite, described 
by Professor Zirkel, in his Survey Report, as gabbro, The amount 
of foliated pyroxene is small. On the west side of the Hills, 
graphite occurs in thin beds and seams. 

he geological features characterizing the Laramie Hills con- 
tinues southward along the Colorado Range. The granite of the 
summit of Gray’s Peak afforded on analysis the same composition 
essentially as that of the Hills. The overlying sedimentary for- 
mations bordering the mountain range are estimated to have a 
thickness of about 6,000 feet; the Paleozoic, 850; the Triassic, 
800 to 300; the Jurassic, 200; the Cretaceous, 4,300 feet (300 
feet of the Dakota group, 1,000 of the Colorado group, 1,500 of 
the Fox Hill, and 1,500 of the Laramie). The Paleozvie beds con- 
tinue along the eastern foot hills for nearly 70 miles, and then 
disappear, none being found north of Colorado Springs. The 
Triassic beds consist of red sandstone with some red clays and 
thin beds of limestone, and, in some localities, irregular deposits 
of gypsum, two to twenty-five feet thick. The Jurassic beds are 
slightly reddish in tinge, with orange, purple and lavender-col- 
ored strata, which are mainly argillaceous, together with some 
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thin layers of limestone and gypsum. But the limit between this 
formation and the Triassic is stated to be uncertain. 

The Medicine Bow Range is made up almost exclusively of 
Archean crystalline rocks, including granites, gneisses, mica 
schists, hornblende schists, diorytes, argillytes, quartzytes, etc. 
The granite and gneiss contain much of a triclinic feldspar, and 
in some places zircons. At Cherokee Butte, there is an Archean 
granite whose quartz grains, according to Zirkel, show evidence 
of wear, and hence of the metamorphic origin of the rock. Medi- 
cine Peak is a mass of white quartzyte rising about 2,000 feet 
above the surrounding country and having an eastward dip. It 
contains some cyanite. It is cut through by what appears to be 
dikes of a fine-grained dioryte. The Archean quartzyte is under- 
laid conformably by argillaceous slates, dipping eastward, and this 
by a hornblendic schist. At Mill Peak, the quartzyte is and 
overlaid by a red conglomerate, and, above the conglomerate, 
quartzyte, partly calcareous. 

The North Park and Park Range are described at length by 
Mr. Hague; only a few facts respecting the volcanic rocks are 
here cited. They are all, as observed also by others, Tertiary in 
age. They are chiefly rhyolytes, according to Professor Zirkel. 
Along the east wall of the Park, the lower spurs and foothills of 
the Medicine Bow Range are covered by them. The central point 
of eruption was probably on the slopes of Mt. Richthofen. The 
divide between Middle and North Parks, stretching between the 
two great Archean ranges, is composed largely of trachytes and 
basalts. The Cretaceous sandstones have in some places been 
lifted by the erupted trachytes. East of Parkview Peak the 
eruptive rock of some of the hills is granitoid and porphyritic, 
though probably related to the trachytes. Zirkel calls the rock 

ranite-porphyry. The eruptions are not older than Cretaceous. 
he basalt of the divide between the two Parks lies almost en- 
tirely westward of the trachytic region. 

The Elkhead Mountains are described by Mr. Emmons. They 
are a group of high volcanic peaks, some over 10,000 feet above 
the sea-level. They include the north-and-south elevations of 
Whitehead Peak and Steves Ridge, and, crossing this, an east- 
and-west ridge of basalt, mainly nepheline basalt. The trachytes 
are sanidin-trachytes, but contain a considerable amount of augite 
and, in some places, chrysolite, as described by Zirkel. There 
seems to have been a transition from the trachytic outflows in 
Hantz Peak to basaltic. In the basalt of Bastion Peak occur, be- 
sides the ordinary constituents and nephelite, some chrysolite, and 
biotite. The account of the Green River Basin is by Mr. Emmons ; 
and those of the Utah Basin and Nevada Plateau are by him and 
Mr. Hague. It is impossible to de the subject any justice in this 
place, and only a few facts are here cited. The elevation of the 
plateau increases westward from 4,300 to 6,000 feet, Ruby Valley, 
along the east base of the Humboldt range, being the highest por- 
tion. The valleys are mostly under Quaternary deposits, coarse 
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and fine. The ridges, which rise 2,000 to 6,000 above the level of 
the valleys, trend nearly north-and-south, are approximately par- 
allel, and vary from five to ten miles in width. The older sedi- 
mentary strata are also concealed to a large extent by great out- 
flows of Tertiary volcanic rocks, which have spread in all directions 
from the old lines of upheaval. 

Between the Desert Region—an arm of the Salt Lake Valley 
lying to the west of the Aqui Mountains—and the first ridge 
called the Ibenpah Mountains, there are terraces at the heights 
800 feet, 500 feet and 300 feet, above the Desert level, the second 
marked by calcareous tufa. 

The Wachoe Mountains, rising out of the Gosi-Ute Desert, con- 
trast with the north-and-south lines of Paleozoic ridges in consist- 
ing of a dark reddish-gray granite, dioryte and quartz-porphyry, 
and outside of these a Coal-measure limestone, and then andesytes 
and rhyolytes. The granite contains little quartz, and afforded 
Professor T. M. Drown only 55°53 per cent of silica, with 5:20 of 
potash, 4°84 of soda and 5°62 of lime. The so-called “ andesyte” 
is really, not a hornblende rock (hornblende grains being exceed- 
ingly rare), but contains much biotite, along with a triclinic feld- 
spar. One of the two agreeing analyses by Mr. Woodward ob- 
tained Silica 67°63, alumina 18°08, iron protoxide 2°17, magnesia 
1°14, lime 3°16, soda 2°87, potassa 3°86, ignition 1°49=100°40, 
agreeing little with ordinary andesytes. 

The East Humboldt Range is the main range of Central Nevada, 
and the highest between the Wahsatch of Utah and the Sierra 
Nevada. One of the peaks, Mt. Bonpland, has a height of 11,321 
feet and several are over 10,000 feet. A mass of Archean rocks 
—granites, gneisses, etc.—constitutes its axis, though striking 
obliquely across the range, and on either side of it are inclined, 
unconformably, Devonian and Carboniferous strata. There are 
numerous cafions in the limestone of the eastern slope. All the 
ridges of the plateau are described in detail in the Report, and 
also those of the Nevada Basin. 

The Report makes an excellent companion volume to that on 
the Petrology of the 40th parallel by Zirkel, it explaining at length 
the geological relations of the rocks. Many chemical analyses of 
rocks are given, the most of them by Mr. R. W. Woodward. 
Besides the large and beautifully-colored Atlas already noticed 
in this Journal, there are many most excellent ambrotype plates 
in the text, which are remarkable for their topographic and 
geological interest. 

2. Flora Australiensis: a Description of the Plants of the Aus- 
tralian Territory. By Grorcr Benrtuam, F.R.S., assisted by 
Baron Ferdinand von Mueller, F.R.S., &c., &c. Vol. VII. Roaw- 
burghiacee to Filices. London: Reeve & Co. 1878. 806 pp., 8vo. 
—This volume brings a great undertaking to a happy completion. 
The first volume was issued in the year 1863, and the work has 
made steady progress to the end. It is the complete phenoga- 
mous Flora of a continent, and the only one; is worked up by one 


238 Scientific Intelligence. 


mind and hand, within a time and at an age which allows no 
sensible change of ideas or point of view, so that it is throughout 
comparable with itself. It is the work of the most experienced 
and wise systematic botanist of the day, and when we know that 
fully as much other work, of equal character, has been done within 
these fifteen years, it will not be denied that the author’s indus- 
try and powers of accomplishment are unrivalled. No one else 
has done such good botanical work at such a rate. If, as some 
fear, the race of first-class systematic (phenogamous) botanists is 
destined to die out or dwindle, it will not be for the lack in our 
day of a worthy model. 

n the concluding Preface, Mr. Bentham turns over to his able 
and equally indefatigable coadjutor, Von Mueller, the duty of 
incorporating addenda and corrections, and suggests the prepara- 
tion of a methodical synopsis, for convenient use, especially in 
Australia, where such a hand-book will be most helpful and need- 
ful. This trust, we doubt not, Von Mueller will duly undertake, 
and may be expected worthily to accomplish. His fellow-workers 
over the world are not unmindful of their great obligations to 
him in the development of Australian botany, and in rendering 
eae the production of this Flora Australiensis, which has 

een equally enriched by his vast collections and facilitated by 
his preliminary study of them. 

r. Bentham now declines to undertake “a detailed examina- 
tion of the relations, as well of the whole flora to that of other 
countries, as of its component parts to each other,” referring 
instead to “the principles laid down by J. D. Hooker in the 
admirable essay prefixed to his Flora Tasmaniz,” but recapitulat- 
ing shortly the general characteristics of the chief component 
parts of the present flora of Australia, the most peculiar one of 
any large part of the globe. Let us still hope that he may some 
day reconsider this determination, so far as to discuss in a general 
way the relations of Australian botany to the history of vegeta- 
tion on the globe. 

Peculiar as the Australian vegetation is, its treatment not 
rarely touches points which concern the student of the American 
flora. Especially interesting to us is the elaboration, in the 
present volume, of the Gruminew, in which General Munro’s 
matured views—as yet little known by publication—have passed 
under the independent consideration of a veteran general botanist, 
and in which the author’s own conclusions regarding the mor- 
phology and terminology of the floral parts and their accessories 
are — applied. We duly noticed Mr. Bentham’s essay 
on this subject, and had to acknowledge that its conclusions are 
apparently incontrovertible. 

ext to this order in importance is the order Cyperacee, upon 
the arrangement of which sound judgment is brought to bear. 
The great order Liliacee is made to include the Smilacew, and 
not the Roxburghiacee. We should hav excluded both, but 
Smilax in preference. Contrary to Mr. Bentham’s opinion, we 
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should insist that the anthers in Smilax are unilocular but bilocel- 
late. The diagnosis of Rowburghiacee in the conspectus distin- 
guishes the order from Australian Liliaces only, and by an over- 
sight the second genus of the order is said to be restricted to 
Japan, whereas it was founded on a North American plant. a. «. 

3. Flora of Mauritius and the Seychelles: a Description of the 
Flowering Plants and Ferns of those Islands. By J. G. Baker, 
F LS., ete. London: Reeve & Co. 1877. 557 pp.—Another of 
the British Colonial Floras, complete in one volume, Contains 
112 orders, not a few of which are represented mainly by natural- 
ized plants, 440 genera, and 1058 indigenous species. Thanks to 
sugar-culture and bad management, the forests of Mauritius, 
“which at the time when it was named by the Dutch, in 1598, 
covered it to the water’s edge, have been by degrees cut down, till 
they are now almost entirely destroyed From 467 tons 
in 1812, the amount of sugar exported increased till it reached a 
maximum in 1860, so that it was calculated at that time that this 
island, with an area of 700 square miles, produced about a tenth 
of the exported sugar of the whole world. The consequence is 
that the indigenous flora of the island, as we have it now, is a 
mere wreck of what it was 100 years ago, . . . . and the interest- 
ing endemic trees and shrubs... . have either been entirely 
exterminated or become very rare, and that a crowd of intro- 
duced trees, shrubs, and weeds have replaced the original vegeta- 
tion to a greater extent than in any other part of the world, except 
St. Helena.” The number of introduced plants which have become 
established on the island is estimated at 269; that of indigenous 
flowering plants and ferns is 869. Rodriguez has probably suf- 
fered in the same proportion. It has now only 202 known wild 
species, 36 of which are peculiar. The Secheyelles, of 30 little 
islands, are less rich in peculiar plants than was expected : 338 
wild species are known, of which 60 are peculiar. Six of them are 
Palms, of as many genera, Lodoicea Sechellarum, the coco de mer 
being the famous one. The Palms are elaborated by Dr. I. B. 
Balfour, the recent explorer of Rodriguez, the Orchids by S. L. 
Moore. We are pleased to learn that, since the publication of 
this volume, Mr. Baker has been elected a Fellow of the Royal 
Society. A. G. 

4, Forest Flora of British Burma. By 8. Kurz, Curator of 
the Herbarium, Royal Botanic Gardens, Calcutta. Published by 
order of the Government of India. Calcutta, 1877. 2 vols. 8vo. 
1877.—Contains plain English descriptions of all the known 
woody plants of the district, about 2000 species, with an introduc- 
tory sketch of the various kinds of forest, climatology, etc. When 
it is said that, “an evergreen tropical forest consisting of 200 to 
300 species of trees to the square mile is almost the rule,” it must 
be understood that shrubs are included. ‘This work appears to be 
carefully done. A. G. 

5. The Apocynacee of South America ; with some preliminary 
Remarks on the whole Fumily. With thirty-five plates, to illus- 
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trate the structure of the Genera. By Joun Miers, F.L.S., ete. 
London, Williams & Norgate, 1878. 277 pp., 4to.—This venerable 
and indefatigable botanist has here newly elaborated a great part 
of an order which has in our day received attention from Alphonse 
DeCandolle, from J. Mueller, and lately from Bentham, in the 
Genera Plantarum. Many new genera are proposed, several sup- 
sem or overlooked genera restored, their characters illustrated 

y the author’s neat figures, and a new arrangement into classes 
and tribes proposed. ‘Two of the classes are characterized by the 
stamens, but not sharply contrasted, the third rests upon the seed 
alone. In many respects the system differs widely from that of 
the Genera Plantarum. A. G. 

6. Zhe Student’s Flora of the British Islands. By Sir J. D. 
Hooker, K.C.S.L, C.B., ete. Second Edition. London, Mac- 
millan & Co. 1878.—This new edition exceeds the old one by 
over thirty pages. We have not sought by comparison to ascer- 
tain the changes made; but there are indications of careful 
revision. The accentuation of names appears to be perfect, one 
or two omissions excepted. By why are not accents cast upon 
the types, instead of being interposed between them, making an 
ungainly break in the word? A really compact and portable 
flora like this is a great convenience. A. G. 

7. Botany of Kerguelen Island.—A quarto of 86 pages and 5 
plates, without title page, is received, being a part of the publica- 
tion of the scientific results of the British expedition to observe 
the transit of Venus. It contains: 1, Observations on the Botany 
of Kerguelen Island, by J. D. Hooker, an interesting supplement 
to his former discussion of this isolated florula, strengthening the 
supposition of the derivation of the land plants from South 
America by means of former intermediate tracts of land; 2, 
Enumeration of the Plants hitherto collected, &c.; by the same 
author, except as to the Lower Cryptogamia. Of these, the 
Musci and Hepatice are by Mitten, Lichenes by Rev. J. M. 
Crombie, Marine Alge by Professor Dickie, Fresh Water Alga 
y Professor Reinsch, an elaborate contribution, and the few 

ungi by Berkeley. A. G. 

8. Ferns of North America. By Professor Danizet C. Eaton. 
—Parts VI and VII, issued as a double number, maintain the 
high character of the work for beauty and scientific exactness. 
Polypodium aureum is particularly well represented ; so are the 
Grape Ferns (Botrychium), which here are in full force. The 
figure of Pheyopteris Dryopteris is very characteristic, but flat, 
without the least foreshortening ; Blechnum serrulatum is so re- 
duced as to convey no idea of its port; and Adiantum pedatum is 
somewhat thinnish. The paper and typography are sumptuous. 

A, G. 

9. A Manual of the Anatomy of Invertebrated Animals. By 
Tuomas H. Huxtry. 8vo, 596 pp. New York: D. Appleton 
& Co.—The American edition of this important work was issued 
some months ago, but was not noticed at that time. It is a val- 
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uable compendium, both of general and special anatomy of the 
invertebrata, which should be in the hands of every working nat- 
uralist. It is also well adapted for the use of special students 
pursuing biological studies in the laboratory, but is hardly suit- 
able for a text-book for the class room, owing to the large amount 
of detail introduced in many cases, and the, perhaps, unnecessarily 
numerous technical terms made use of. It is freely and well illus- 
trated. A. E. V. 
10. Manual of the Vertebrates of the Northern United States. 
Second Edition. By Davin 8S. Jorpan. 12mo, 407 pp. 1878.— 
The second edition of this work has been considerably enlarged, 
and many improvements have been made. The portion relating 
to the fishes fas been largely rewritten, and the artificial keys in 
that group have been replaced by “natural” ones, for the genera. 
Most of the additions and corrections in other groups are to be 
found in the addenda. A. E. V. 
11. The Structure and Habits of Spiders. By J. H. Emerton. 
12mo, 118 pp., with 67 cuts. Salem, Mass.: 8. i Cassino.—This 
excellent little book fills a place in our zodlogical literature hith- 
erto entirely unoccupied. It contains very clear and interesting 
descriptions of the anatomy of spiders, their classification, their 
manners and customs and domestic economy. It is admirabl 
illustrated by figures drawn from nature, by the skillful pencil of 
the author himself. Many of the figures illustrate the webs and 
nests of spiders with remarkable accuracy. A. E. V. 
12. First Annual Report of the United States Entomological 
Commission, for the year 1877, relating to the Rocky Mountain 
Locust, With maps and illustrations. 8vo, 771 pp., 5 plates. 
Washington, D. C., 1878.—This extended report contains a his- 
tory of the ravages of locusts in this country, with statis- 
tics, their geographical distribution, migrations, etc.; detailed 
descriptions of the species and others closely allied, their meta- 
morphoses, habits, parasites, anatomy, histology, etc.; a detailed 
account of the various means of destroying them or diminishing 
their numbers, and accounts of the effects that follow their rav- 
ages; accounts of ravages of locusts in other countries; also 
numerous appendices, containing various collateral information. 
Three of the plates, drawn by Mr. J. H. Emerton, well illustrate 
the growth and metamorphoses of the Rocky Mountain locust, and 
two other closely related species of Caloptenus ; the fourth plate, 
Mr. C. V. Riley, illustrates their parasites; and the fifth, by 
Mr. C. 8. Minot, illustrates the histology. A large part of the 
volume is devoted to the practical bearings of the subject upon 
the agricultural interests of the country. A. E. V. 
13. On the young stages of Osseous Fishes, By ALEXANDER 
Acassiz. (From the Proceedings of the American Academy of 
Arts and Sciences, vol. xiv.) 8vo, with 8 plates. June, 1878.— 
This paper contains the results of the extended and careful studies 
of the author upon the growth and metamorphoses of this peculiar 
group of fishes, including the results of various experiments made 
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to test the effects of environment upon their colors, etc. The 
phenomena connected with the changes in the position of the eyes, 
and the asymmetry of the body are fully described and illustrated, 
The sensitiveness of the young flounders to the character of the 
light or color of surrounding objects, and their remarkable powers 
of imitating such colors are well discussed. A. E. V. 

14. Results of the Recent Eclipse ; by Professor C. A. Youne. 
(From the New York Times, of August 16.)—It is early, as yet, 
to estimate the full scientific meaning and value of the observa- 
tions made during the recent solar eclipse, but it is already evi- 
dent that, though in some respects disappointing, they are yet, on 
the whole, of an importance quite equal to those obtained on any 
similar occasion. 

One brilliant discovery will probably date from this occasion, 
and hold a conspicuous place in the annals of science. The planet 
Vulcan, after so long eluding the hunters, showing them from 
time to time only uncertain tracks and signs, appears at last to 
have been fairly run down and captured. At least it seems to us 
that the observations of Professor Watson at Rawlins, and Swift 
at Denver, must for the present be taken as conclusive, though 
perhaps not settling the question beyond the possibility of re- 
opening or dispute. The gentlemen are both astronomers of 
repute, accustomed to sweep for faint objects, and provided with 
excellent instruments. The negative results of Professors New- 
comb, Wheeler, Hulden and others, who with similar instruments, 
went over the same ground and found nothing, are, indeed, un- 
satisfactory and puzzling; but they can hardly outweigh the posi- 
tive evidence on the other side, though they certainly justify a 
certain reserve in accepting the conclusion, 

Assuming as correct Professor Watson’s estimate of the planet’s 
brightness (four and a half magnitude), it would be more than 
forty times fainter than Mercury, and considering its proximity to 
the sun (which would make it much brighter than if at the same 
distance as Mercury), it would seem that its diameter must be 
somewhere between 200 and 400 miles. If really thus minute, it 
is easy to see how it has so long escaped discovery; indeed, the 
question at once arises whether there must not be several such 
Vulcans, to account for that peculiar behavior of Mercury, which 
led Leverrier, on purely mathematical grounds, to assert the ex- 
istence of a planet or planets between Mercury and the sun. Mr. 
Swift, in fact, claims to have seen two bodies—Watson’s and an- 
other near it. 

It is unfortunate that the single observation of Professor Wat- 
son cannot give definite information as to the orbit and motions 
of the planet; but for this purpose at least three observations are 
needed, and unless (as Professor Watson hopes to do) he succeeds 
in identifying some of the many recorded transits of small black 
objects across the solar disk, as observations of his planet, it may 
be long before we shall know anything further about it. There 
is, however, a bare possibility that it may be recovered in full 
daylight by arming a large telescope with a very long tube, pro- 
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jecting Sagens the object glass, and thus enabling the observer to 
examine the sky within a degree or two of the sun without letting 
the sunlight fall upon the lens. If the experiment could be tried 
at a considerable altitude, where the atmospheric glare is at a 
minimum, the chance of success would be greatly improved. 

As regards the physics of the sun and the corona, the principal 
and most important result of all the observations bearing upon 
this subject is to demonstrate a decided sympathy and connection 
between the condition of the sun’s visible surface, as indicated by 
the number and character of the sun spots, and the constitution of 
the corona. 

At the present time the sun’s spots are at their minimum; whole 
months have passed without the appearance of a single one. The 
chromosphere, or colored envelope of hydrogen and other gases 
which immediately surrounds the sun, has also been correspon- 
dently quiescent, and the so-called “ prominences” have been few 
and small. Of course it was a question of interest whether the 
corona also would show a corresponding difference of condition 
from that indicated in 1869 and the later eclipses, when the Sun’s 
surface was in full activity, and the question has received an em- 
phatic and affirmative answer. 

As to the brightness of the corona at the recent eclipse, there is 
considerable difference of opinion. The writer, and he thinks a 
large majority of those who also saw the eclipse of 1869, is strongly 
of the impression that in 1869 the corona, though perhaps less 
extensive, was many times more brilliant, while the corona in 
1870 seemed to him intermediate between those of 1869 and 1878. 
Some of the best observers, however, are of quite the contrary 
opinion, and it is frankly to be admitted that one’s judgment as 
to the brightness of an object like the corona depends so much 
upon the condition of the eye at the moment of observation, and 
that condition so depends upon what the eye has been doing for 
the last few moments preceding, that no very great weight is to 
be assigned to such impressions. The writer feels, however, con- 
siderable confidence in his estimate of the relative brightness of 
the three eclipses, because in all three cases his observations were 
made under almost precisely similar circumstances—near the mid- 
dle “ the eclipse, and after about a minute of close spectroscopic 
work, 

While, however, there may be room to question the conclusion 
that the corona this year was uncommonly faint, there can be no 
question that its spectrum was profoundly modified. 

The bright lines which come from its gaseous constituents were 
conspicuous in 1869 and in all the subsequent eclipses until the 
present one, but this year they were so faint as to be seen by only 
a few of the observers, while the great majority missed them en- 
tirely, seeing only a continuous spectrum. This was especially 
remarkable in the éase of the green corona line (known as “1474” 
from its position upon Kirchhoff’s map of the solar spectrum). 
Many observers saw it plainly just at the beginning and end of 
totality, but during the middle of the eclipse nearly all entirely 
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lost sight of it. That it was really present all the time, however, 
though faint, is proved by the observations of Professor Eastman, 
Professor Brackett, Mr. Thomas and the writer, the former of 
whom traced it all around the sun to a distance of from 10’ to 20’, 
going twice over the ground, and keeping it in sight all the time. 

ith the hydrogen lines the case was similar; the writer had 
one or other of them in the field continually, and they never quite 
disappeared, though at times very faint. 

Of course, the slitless spectroscopes, both ocular and photo- 
graphic, from which so much had been expected, failed to give 
any satisfactory results. In 1871, when the instruments were first 
used, the observers saw a series of colored images of the corona, 
Mr. Lockyer, for instance, saw four such images, one red, one 
green, one blue, and one violet. This year nothing of the kind 
appeared. At the moment, indeed, when totality began there was 
an exquisite exhibition, first of the darkness of the solar spectrum, 
and then for an instant of a multitude of bright colored segments 
—the spectrum of the chromosphere; but when the moon had 
covered the chromosphere there was only a disappointing, contin- 
uous band of color, unmarked by rings of any kind. 

Those, also, who were looking for new bright lines in the corona 
spectrum were equally unsuccessful, whether they employed the 
ordinary spectroscope or worked by photography. Some of the 
observers, the writer among others, used a so-called “ fluorescent 
eye-piece,” which brings the otherwise invisible light beyond the 
extreme violet-end of the spectrum within the range of human 
eyes, by the action of a film of fluorescent liquid (ssculin solution) 
inclosed between thin plates of glass. But, although before total- 
ity the apparatus wend perfectly, disclosing to the eyes dark 
lines innumerable in the portion of the spectrum invisible without 
its aid, after the darkness came on it failed to show a single bright 
line. The most carefully prepared and sensitive photographic 
apparatus succeeded no better, except that Dr. Draper, Mr. Lock- 
yer, and one or two others perhaps, did obtain by means of a slit- 

ess spectroscope, an impression of a faint continuous spectrum in 
the ultra violet, without rings or markings of any kind. Evidently 
no lines existed to see or photograph on this occasion. 

One or two observations were made of some interest in their 
relation to previous work. Professor Rockwood, of the Princeton 
party, using a double-barreled slitless spectroscope, observed at 
the beginning of totality a bright red line in the chromosphere 
spectrum very near to B. This explains an observation of Mr. 

ogson, in 1868, who then insisted that he saw B reversed in the 
spectrum of a prominence, but as all the other observers had C 
instead of B, his record was generally regarded as a mistake. 

The line is probably one well known to solar spectroscopists, at 
534 of Kirchhoff’s scale—a line exceedingly difficult to see in the 
spectrum of the chromosphere under ordinary circumstances, but 
still invariably present and exhibitable (if one may coin a word) 
with proper appliances. Its conspicuousness in Professor Rock- 
wood’s instrument is a matter of some surprise, but there could be 
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no mistake, as C was even more brilliantly conspicuous at the 
same time. What the substance which causes it may be is quite 
unknown. Like the so-called D, line it has no corresponding dark 
line in the solar spectrum. 

The same observer, and the writer also, saw both H lines (cal- 
cium) brightly reversed in the spectrum of the chromosphere ; 
thus confirming observations made six years ago at Sherman, but 
never corroborated since, except by the photographic spectrum 
obtained by the Siam expedition in 1875. 

The exquisite reversal of the dark Fraunhofer lines at the mo- 
ment of totality was seen by many of the observers. Several 
observers, especially Professors Barker and Morton, at Rawlins, 
were able to confirm Janssen’s observation in 1871 by seeing 
the principal dark Fraunhofer lines in the corona spectrum, thus 
showing that a considerable percentage of the coronal radiance is 
mere reflected sunlight. The dark lines were, however, so faint as 
to be seen by very few, and this shows equally clearly, we think, 
that the particles which reflected the sunlight are themselves also 
self-luminous, as, of course, they ought to be so near the sun. 

A great deal of attention has been paid to the polarization of 
the coronal light in past eclipses, and while on the whole there 
has been an overwhelming weight of evidence in favor of radial 
polarization, yet at every eclipse some observer of reputation has 
obtained anomalous results quite at variance with all the others. 
This year Dr. Hastings of Baltimore, comes out with strong tan- 
gential polarization as his result. That he must be the victim of 
some mistake is almost certain, since all the rest of the observers— 
Wright, Ranyard, Harknesss and others—are emphatic and clear 
in their contrary conclusion. 

Experiments with the tasimeter or new heat measure of Mr. 
Edison showed, as was ascertained many years ago, that the heat 
of the corona is quite sensible. With a thermopile attached to a 
peculiarly-arranged spectroscope Mr. Anderson, of the Princeton 
party, obtained a doubtful result, which may indicate a bright 
heat-line in that part of the chromosphere spectrum below the red. 

It has been represented in some quarters that the results of this 
eclipse require a fundamental reconstruction of the theories hith- 
erto held regarding the constitution of the corona. This is, how- 
ever, an entire misapprehension, The same constituents appear 
in the corona as hitherto, only in altered proportions, as might 
have been and was expected by students of solar physics. In 
1869, 1870 and 1871 the gaseous elements of the corona—the 
hydrogen and “ 1474 stuff,” whatever that may be—were in such 
quantity and condition and rose so high above the solar surface 
that their lines were conspicuous in the coronal spectrum, and 
attracted the attention of observers far more forcibly than the 
feeble continuous spectrum of the light emitted from and reflected 
by, the minute solid or liquid particles which also constitute an 
essential element of the corona. At present the condition is re- 
versed. The gases are either too small in quantity or too cool to 
be conspicuous. The lesson, and it is an important one, is simply, 
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as has been said, that, to a certain extent, the corona sympathizes 
with the sun-spots. 

It certainly looks probable, also, that while the gaseous elements 
of the corona are strictly solar, the non-gaseous matter—the coro- 
nal dust or haze—is of extraneous and very likely meteoric origin. 
At any rate, the extent of the corona was certainly not less than 
on former occasions, whatever may have been the case with its 
brightness. In fact, it has never been traced quite so far from the 
sun before, as this time by Langley and Newcomb, who followed 
it out for six degrees along the ecliptic, a success partly, of course, 
due to the clearness of the air at their elevated stations. Now, 
this is quite consistent with the theory that meteor streams fur- 
nish the hazy matter of the coronal envelope, since, so far as we 
can judge, they have nothing to do with the sun-spots. 

A very interesting problem relates to the effect of solar forces 
upon this meteoric matter, if such it really be, and the material for 
the study is furnished in rich abundance by the numerous drawings 
made by Langley, Abbe, Penrose, Boss and others, and by the 
photographs, which in excellence and number excel those obtained 
on any previous occasion. Among the best which we have seen 
are the magnificent series made by Rogers at La Junta, those of 
Draper at Rawlins, and those of the Princeton party at Denver; 
undoubtedly there are others of at least equal excellence. 

To sum up: The eclipse of 1878 has added a new planet to the 
system, and has demonstrated that the unknown cause, whatever 
it may be, which produces the periodical sun spots at intervals of 
about eleven years, also affects the coronal atmosphere of the 
sun. 

This, of course, adds a certain measure of probability to the 
idea that these solar periods may produce some effect upon the 
earth, such as may be felt in our meteorological’ conditions; and 
though the writer by no means concurs with Mr. Lockyer in con- 
sidering that Meldrum’s investigations upon Indian cyclones have 
already demonstrated connection between the sun spots and the 
weather, but, on the other hand, thinks the connection almost dis- 
proved by results of other investigators, still there can be no ques- 
tion that the subject deserves thorough study. 

The result of the late eclipse goes to show such a periodical 
change in the state of the solar atmosphere as might very possibly 

roduce a sensible effect upon the earth; whether it does or not 
is a question which can be settled only by a careful and syste- 
matic investigation of the facts. 

Princeton, N. J., Thursday, Aug. 15, 1878. 

15. Institute of France.—Dr. Asa Gray has been elected Cor- 
responding Member of the Institute in place of Alexander Braun, 
of Berlin, recently deceased. 

Charles Darwin has also been made a Corresponding Member 
of the Institute. 

16. The Annual Meeting of German Naturalists and Physicists 
will be held during the week from September 11-18, instead of 
the following week. 
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